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Era of Massive High-Dimensional Data
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Image by NASA Goddard Space Flight Center via Flickr

Satellite and Remote Sensing Imagery

Medical imaging

Image/Video in autonomous systems

Graphical Scientific Datasets

• Data compression is critical for data storage, sharing, analysis
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Data Compression Timeline
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Learning-based compression


Generative compression
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Success of Neural Compression

[Balle et al 2017]

JPEG

• Improved PSNR (distortion) for a given rate • Improved perceptual quality
• It has further motivated the new theory of rate, distortion, perception

Neural compressors

JPEG

JPEG 2000



Rate-Distortion-Perception Function

• Triple tradeoff between rate, distortion, perception

• RDP function:
<latexit sha1_base64="rgXrQXXKLw9OxtQQDcstJM1Lxyk="></latexit>

R(D,P ) = min
QX̂|X

E[d(X,X̂)]→D
ω(PX ,PX̂)→P

I(X; X̂)

Enc Dec

<latexit sha1_base64="/pmVmtfcjbrjQHDbno1D04WkaP4=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeiwI4rEV+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WDGSfoR3QgecgZNVaq3/dKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeG1n3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8y4pXvyhXb/M4CnAMJ3AGHlxBFe6gBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MHr82M4A==</latexit>

R
<latexit sha1_base64="hix1ugNJsvozJQGkB5LFjFBJhA4=">AAACAXicbVA9TwJBEJ3DL8Qv1NJmIzGxInfGr5JoY4mJwEW4kL1lDzbs7l1290zIhcq/YKu9nbH1l9j6S1zgCgFfMsnLezOZmRcmnGnjut9OYWV1bX2juFna2t7Z3SvvHzR1nCpCGyTmsfJDrClnkjYMM5z6iaJYhJy2wuHtxG89UaVZLB/MKKGBwH3JIkawsdKjjzqaCVTv+t1yxa26U6Bl4uWkAjnq3fJPpxeTVFBpCMdatz03MUGGlWGE03Gpk2qaYDLEfdq2VGJBdZBNLx6jE6v0UBQrW9Kgqfp3IsNC65EIbafAZqAXvYn4n9dOTXQdZEwmqaGSzBZFKUcmRpP3UY8pSgwfWYKJYvZWRAZYYWJsSHNbQjEu2VC8xQiWSfOs6l1WL+7PK7WbPJ4iHMExnIIHV1CDO6hDAwhIeIFXeHOenXfnw/mctRacfOYQ5uB8/QLdWZbS</latexit>

X ⇠ PX

<latexit sha1_base64="axhvwIUSntAy1jRdO2DOFkNPR+g=">AAAB/nicbVDLSgNBEOz1GeMr6tHLYhA8hV3xdQx68RjBPCBZwuxkNhkyM7vM9AphCfgLXvXuTbz6K179EifJHkxiQUNR1U13V5gIbtDzvp2V1bX1jc3CVnF7Z3dvv3Rw2DBxqimr01jEuhUSwwRXrI4cBWslmhEZCtYMh3cTv/nEtOGxesRRwgJJ+opHnBK0UrMzIJi1xt1S2at4U7jLxM9JGXLUuqWfTi+mqWQKqSDGtH0vwSAjGjkVbFzspIYlhA5Jn7UtVUQyE2TTc8fuqVV6bhRrWwrdqfp3IiPSmJEMbackODCL3kT8z2unGN0EGVdJikzR2aIoFS7G7uR3t8c1oyhGlhCqub3VpQOiCUWb0NyWUI6LNhR/MYJl0jiv+FeVy4eLcvU2j6cAx3ACZ+DDNVThHmpQBwpDeIFXeHOenXfnw/mcta44+cwRzMH5+gXYmJZZ</latexit>

X̂

0101101…

Bits per 
image or 
pixel

[Blau&Michaeli ’19], [Matsumoto ’18], [Saldi et al ’15]
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Rate-Distortion-Perception Function

• Triple tradeoff between rate, distortion, perception

• RDP function:
<latexit sha1_base64="rgXrQXXKLw9OxtQQDcstJM1Lxyk="></latexit>

R(D,P ) = min
QX̂|X

E[d(X,X̂)]→D
ω(PX ,PX̂)→P

I(X; X̂)

Enc Dec

<latexit sha1_base64="/pmVmtfcjbrjQHDbno1D04WkaP4=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeiwI4rEV+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WDGSfoR3QgecgZNVaq3/dKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeG1n3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8y4pXvyhXb/M4CnAMJ3AGHlxBFe6gBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MHr82M4A==</latexit>

R
<latexit sha1_base64="hix1ugNJsvozJQGkB5LFjFBJhA4=">AAACAXicbVA9TwJBEJ3DL8Qv1NJmIzGxInfGr5JoY4mJwEW4kL1lDzbs7l1290zIhcq/YKu9nbH1l9j6S1zgCgFfMsnLezOZmRcmnGnjut9OYWV1bX2juFna2t7Z3SvvHzR1nCpCGyTmsfJDrClnkjYMM5z6iaJYhJy2wuHtxG89UaVZLB/MKKGBwH3JIkawsdKjjzqaCVTv+t1yxa26U6Bl4uWkAjnq3fJPpxeTVFBpCMdatz03MUGGlWGE03Gpk2qaYDLEfdq2VGJBdZBNLx6jE6v0UBQrW9Kgqfp3IsNC65EIbafAZqAXvYn4n9dOTXQdZEwmqaGSzBZFKUcmRpP3UY8pSgwfWYKJYvZWRAZYYWJsSHNbQjEu2VC8xQiWSfOs6l1WL+7PK7WbPJ4iHMExnIIHV1CDO6hDAwhIeIFXeHOenXfnw/mctRacfOYQ5uB8/QLdWZbS</latexit>

X ⇠ PX

<latexit sha1_base64="axhvwIUSntAy1jRdO2DOFkNPR+g=">AAAB/nicbVDLSgNBEOz1GeMr6tHLYhA8hV3xdQx68RjBPCBZwuxkNhkyM7vM9AphCfgLXvXuTbz6K179EifJHkxiQUNR1U13V5gIbtDzvp2V1bX1jc3CVnF7Z3dvv3Rw2DBxqimr01jEuhUSwwRXrI4cBWslmhEZCtYMh3cTv/nEtOGxesRRwgJJ+opHnBK0UrMzIJi1xt1S2at4U7jLxM9JGXLUuqWfTi+mqWQKqSDGtH0vwSAjGjkVbFzspIYlhA5Jn7UtVUQyE2TTc8fuqVV6bhRrWwrdqfp3IiPSmJEMbackODCL3kT8z2unGN0EGVdJikzR2aIoFS7G7uR3t8c1oyhGlhCqub3VpQOiCUWb0NyWUI6LNhR/MYJl0jiv+FeVy4eLcvU2j6cAx3ACZ+DDNVThHmpQBwpDeIFXeHOenXfnw/mcta44+cwRzMH5+gXYmJZZ</latexit>

X̂

0101101…

Bits per 
image or 
pixel

[Blau&Michaeli ’19], [Matsumoto ’18], [Saldi et al ’15]

• RDP characterizes the fundamental limits of lossy 
compression under distortion and perception constrains
[Theis&Wagner ’21]
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Rate-Distortion-Perception Function

• Triple tradeoff between rate, distortion, perception

• RDP function:
<latexit sha1_base64="rgXrQXXKLw9OxtQQDcstJM1Lxyk="></latexit>

R(D,P ) = min
QX̂|X

E[d(X,X̂)]→D
ω(PX ,PX̂)→P

I(X; X̂)

Enc Dec

<latexit sha1_base64="/pmVmtfcjbrjQHDbno1D04WkaP4=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeiwI4rEV+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WDGSfoR3QgecgZNVaq3/dKZbfizkCWiZeTMuSo9Upf3X7M0gilYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYKmmE2s9mh07IqVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeG1n3GZpAYlmy8KU0FMTKZfkz5XyIwYW0KZ4vZWwoZUUWZsNkUbgrf48jJpnle8y4pXvyhXb/M4CnAMJ3AGHlxBFe6gBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MHr82M4A==</latexit>

R
<latexit sha1_base64="hix1ugNJsvozJQGkB5LFjFBJhA4=">AAACAXicbVA9TwJBEJ3DL8Qv1NJmIzGxInfGr5JoY4mJwEW4kL1lDzbs7l1290zIhcq/YKu9nbH1l9j6S1zgCgFfMsnLezOZmRcmnGnjut9OYWV1bX2juFna2t7Z3SvvHzR1nCpCGyTmsfJDrClnkjYMM5z6iaJYhJy2wuHtxG89UaVZLB/MKKGBwH3JIkawsdKjjzqaCVTv+t1yxa26U6Bl4uWkAjnq3fJPpxeTVFBpCMdatz03MUGGlWGE03Gpk2qaYDLEfdq2VGJBdZBNLx6jE6v0UBQrW9Kgqfp3IsNC65EIbafAZqAXvYn4n9dOTXQdZEwmqaGSzBZFKUcmRpP3UY8pSgwfWYKJYvZWRAZYYWJsSHNbQjEu2VC8xQiWSfOs6l1WL+7PK7WbPJ4iHMExnIIHV1CDO6hDAwhIeIFXeHOenXfnw/mctRacfOYQ5uB8/QLdWZbS</latexit>

X ⇠ PX

<latexit sha1_base64="axhvwIUSntAy1jRdO2DOFkNPR+g=">AAAB/nicbVDLSgNBEOz1GeMr6tHLYhA8hV3xdQx68RjBPCBZwuxkNhkyM7vM9AphCfgLXvXuTbz6K179EifJHkxiQUNR1U13V5gIbtDzvp2V1bX1jc3CVnF7Z3dvv3Rw2DBxqimr01jEuhUSwwRXrI4cBWslmhEZCtYMh3cTv/nEtOGxesRRwgJJ+opHnBK0UrMzIJi1xt1S2at4U7jLxM9JGXLUuqWfTi+mqWQKqSDGtH0vwSAjGjkVbFzspIYlhA5Jn7UtVUQyE2TTc8fuqVV6bhRrWwrdqfp3IiPSmJEMbackODCL3kT8z2unGN0EGVdJikzR2aIoFS7G7uR3t8c1oyhGlhCqub3VpQOiCUWb0NyWUI6LNhR/MYJl0jiv+FeVy4eLcvU2j6cAx3ACZ+DDNVThHmpQBwpDeIFXeHOenXfnw/mcta44+cwRzMH5+gXYmJZZ</latexit>

X̂

0101101…

Bits per 
image or 
pixel

[Blau&Michaeli ’19], [Matsumoto ’18], [Saldi et al ’15]

• Infinite shared randomness may be necessary
[Saldi et al ’15], [Chen et al ’22], [Wagner ‘22]

• RDP characterizes the fundamental limits of lossy 
compression under distortion and perception constrains
[Theis&Wagner ’21]

Shared randomness
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How is Learning Useful? 

• Data is nominally high dimensional, but intrinsically is of much lower dimension

• Optimal schemes from information theory have exponential complexity in dimension
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• the geometry:
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How is Learning Useful? 

• the geometry:
low-dimhigh-dim

<latexit sha1_base64="AVjRvLOQ1MXh1SGUtHkEc772xFs=">AAACC3icbVC7SgNBFL0bXzG+Vi1thgTBKuxKULEK2KSMYh6QrMvsZJIMmZ1dZmaFsKS38VdsLBSx9Qfs/BsnyRYx8cDA4Zx7mXtOEHOmtOP8WLm19Y3Nrfx2YWd3b//APjxqqiiRhDZIxCPZDrCinAna0Exz2o4lxWHAaSsY3Uz91iOVikXiXo9j6oV4IFifEayN5NvFgY+vUTfEehgE6d3kQaCujhaFkW+XnLIzA1olbkZKkKHu29/dXkSSkApNOFaq4zqx9lIsNSOcTgrdRNEYkxEe0I6hAodUeeksywSdGqWH+pE0T2g0Uxc3UhwqNQ4DMzm9US17U/E/r5Po/pWXMhEnmgoy/6ifcGTSTotBPSYp0XxsCCaSmVsRGWKJiTb1FUwJ7nLkVdI8L7sX5cptpVStZXXk4QSKcAYuXEIValCHBhB4ghd4g3fr2Xq1PqzP+WjOynaO4Q+sr1+QpZrL</latexit>

ga : Rn → Rk

x <latexit sha1_base64="NLO1zg5iojx0agwpCBJ5jx19lEM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj2kkecgZNVZ6iPq0X664VXcOskq8nFQgR6Nf/uoNEpbFKA0TVOuu56bGn1BlOBM4LfUyjSllIxph11JJY9T+ZH7qlJxZZUDCRNmShszV3xMTGms9jgPbGVMz1MveTPzP62YmvPYnXKaZQckWi8JMEJOQ2d9kwBUyI8aWUKa4vZWwIVWUGZtOyYbgLb+8SloXVe+yWruvVeo3eRxFOIFTOAcPrqAOd9CAJjCI4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gA9eI3I</latexit>ga

• Data is nominally high dimensional, but intrinsically is of much lower dimension

• Optimal schemes from information theory have exponential complexity in dimension

<latexit sha1_base64="Np4qOAMSU10rBpm1zUkxkcyDSkg=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRS1GXRjcsq9gFNLJPppB06mYSZSSGE/okbF4q49U/c+TdO2yy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//APjxqqziVhLZIzGPZDbCinAna0kxz2k0kxVHAaScY3878zoRKxWLxqLOE+hEeChYygrWR+radeUx4EdajIMgfpk/jvl11as4caJW4BalCgWbf/vIGMUkjKjThWKme6yTaz7HUjHA6rXipogkmYzykPUMFjqjy83nyKTozygCFsTRPaDRXf2/kOFIqiwIzOcuolr2Z+J/XS3V47edMJKmmgiwOhSlHOkazGtCASUo0zwzBRDKTFZERlphoU1bFlOAuf3mVtC9q7mWtfl+vNm6KOspwAqdwDi5cQQPuoAktIDCBZ3iFNyu3Xqx362MxWrKKnWP4A+vzB+7Ek90=</latexit>

y 2 Rk



How is Learning Useful? 

• the geometry:
low-dimhigh-dim

<latexit sha1_base64="AVjRvLOQ1MXh1SGUtHkEc772xFs=">AAACC3icbVC7SgNBFL0bXzG+Vi1thgTBKuxKULEK2KSMYh6QrMvsZJIMmZ1dZmaFsKS38VdsLBSx9Qfs/BsnyRYx8cDA4Zx7mXtOEHOmtOP8WLm19Y3Nrfx2YWd3b//APjxqqiiRhDZIxCPZDrCinAna0Exz2o4lxWHAaSsY3Uz91iOVikXiXo9j6oV4IFifEayN5NvFgY+vUTfEehgE6d3kQaCujhaFkW+XnLIzA1olbkZKkKHu29/dXkSSkApNOFaq4zqx9lIsNSOcTgrdRNEYkxEe0I6hAodUeeksywSdGqWH+pE0T2g0Uxc3UhwqNQ4DMzm9US17U/E/r5Po/pWXMhEnmgoy/6ifcGTSTotBPSYp0XxsCCaSmVsRGWKJiTb1FUwJ7nLkVdI8L7sX5cptpVStZXXk4QSKcAYuXEIValCHBhB4ghd4g3fr2Xq1PqzP+WjOynaO4Q+sr1+QpZrL</latexit>

ga : Rn → Rk

<latexit sha1_base64="PGygBr/1lQIBUxDMReTyBTTTvsg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj2kkecgZNVZ6iPq6X664VXcOskq8nFQgR6Nf/uoNEpbFKA0TVOuu56bGn1BlOBM4LfUyjSllIxph11JJY9T+ZH7qlJxZZUDCRNmShszV3xMTGms9jgPbGVMz1MveTPzP62YmvPYnXKaZQckWi8JMEJOQ2d9kwBUyI8aWUKa4vZWwIVWUGZtOyYbgLb+8SloXVe+yWruvVeo3eRxFOIFTOAcPrqAOd9CAJjCI4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gBYwI3a</latexit>gs x 2 Rd
x <latexit sha1_base64="NLO1zg5iojx0agwpCBJ5jx19lEM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj2kkecgZNVZ6iPq0X664VXcOskq8nFQgR6Nf/uoNEpbFKA0TVOuu56bGn1BlOBM4LfUyjSllIxph11JJY9T+ZH7qlJxZZUDCRNmShszV3xMTGms9jgPbGVMz1MveTPzP62YmvPYnXKaZQckWi8JMEJOQ2d9kwBUyI8aWUKa4vZWwIVWUGZtOyYbgLb+8SloXVe+yWruvVeo3eRxFOIFTOAcPrqAOd9CAJjCI4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gA9eI3I</latexit>ga

• Data is nominally high dimensional, but intrinsically is of much lower dimension

• Optimal schemes from information theory have exponential complexity in dimension

low-dim high-dim

<latexit sha1_base64="u2aoEZeJinh29HMlouSTo/oUH5c=">AAACC3icbVC7SgNBFL0bXzG+opY2Q4JgFXYlqFgFbFJGMQ/IrmF2MpsMmZ1dZmaFsKS38VdsLBSx9Qfs/BsnyRYx8cDA4Zx7mXuOH3OmtG3/WLm19Y3Nrfx2YWd3b/+geHjUUlEiCW2SiEey42NFORO0qZnmtBNLikOf07Y/upn67UcqFYvEvR7H1AvxQLCAEayN1CuWBj11jdwQ66Hvp3eThxFydbQomKGyXbFnQKvEyUgZMjR6xW+3H5EkpEITjpXqOnasvRRLzQink4KbKBpjMsID2jVU4JAqL51lmaBTo/RREEnzhEYzdXEjxaFS49A3k9Mb1bI3Ff/zuokOrryUiTjRVJD5R0HCkUk7LQb1maRE87EhmEhmbkVkiCUm2tRXMCU4y5FXSeu84lxUqrfVcq2e1ZGHEyjBGThwCTWoQwOaQOAJXuAN3q1n69X6sD7nozkr2zmGP7C+fgGt6Jrd</latexit>

gs : Rk → Rn

<latexit sha1_base64="Np4qOAMSU10rBpm1zUkxkcyDSkg=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRS1GXRjcsq9gFNLJPppB06mYSZSSGE/okbF4q49U/c+TdO2yy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//APjxqqziVhLZIzGPZDbCinAna0kxz2k0kxVHAaScY3878zoRKxWLxqLOE+hEeChYygrWR+radeUx4EdajIMgfpk/jvl11as4caJW4BalCgWbf/vIGMUkjKjThWKme6yTaz7HUjHA6rXipogkmYzykPUMFjqjy83nyKTozygCFsTRPaDRXf2/kOFIqiwIzOcuolr2Z+J/XS3V47edMJKmmgiwOhSlHOkazGtCASUo0zwzBRDKTFZERlphoU1bFlOAuf3mVtC9q7mWtfl+vNm6KOspwAqdwDi5cQQPuoAktIDCBZ3iFNyu3Xqx362MxWrKKnWP4A+vzB+7Ek90=</latexit>

y 2 Rk



How is Learning Useful? 

• the geometry:
low-dimhigh-dim

<latexit sha1_base64="AVjRvLOQ1MXh1SGUtHkEc772xFs=">AAACC3icbVC7SgNBFL0bXzG+Vi1thgTBKuxKULEK2KSMYh6QrMvsZJIMmZ1dZmaFsKS38VdsLBSx9Qfs/BsnyRYx8cDA4Zx7mXtOEHOmtOP8WLm19Y3Nrfx2YWd3b//APjxqqiiRhDZIxCPZDrCinAna0Exz2o4lxWHAaSsY3Uz91iOVikXiXo9j6oV4IFifEayN5NvFgY+vUTfEehgE6d3kQaCujhaFkW+XnLIzA1olbkZKkKHu29/dXkSSkApNOFaq4zqx9lIsNSOcTgrdRNEYkxEe0I6hAodUeeksywSdGqWH+pE0T2g0Uxc3UhwqNQ4DMzm9US17U/E/r5Po/pWXMhEnmgoy/6ifcGTSTotBPSYp0XxsCCaSmVsRGWKJiTb1FUwJ7nLkVdI8L7sX5cptpVStZXXk4QSKcAYuXEIValCHBhB4ghd4g3fr2Xq1PqzP+WjOynaO4Q+sr1+QpZrL</latexit>

ga : Rn → Rk

<latexit sha1_base64="PGygBr/1lQIBUxDMReTyBTTTvsg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj2kkecgZNVZ6iPq6X664VXcOskq8nFQgR6Nf/uoNEpbFKA0TVOuu56bGn1BlOBM4LfUyjSllIxph11JJY9T+ZH7qlJxZZUDCRNmShszV3xMTGms9jgPbGVMz1MveTPzP62YmvPYnXKaZQckWi8JMEJOQ2d9kwBUyI8aWUKa4vZWwIVWUGZtOyYbgLb+8SloXVe+yWruvVeo3eRxFOIFTOAcPrqAOd9CAJjCI4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gBYwI3a</latexit>gs•            complex and unknown 
<latexit sha1_base64="ntWjUTTI4oaff39VhWWoxYXA7+w=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REinosevFYwbSFNpTJdtMu3WzC7kYopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1PBtXHdb6ewtr6xuVXcLu3s7u0flA+PmjrJFGU+TUSi2iFqJrhkvuFGsHaqGMahYK1wdDfzW09MaZ7IRzNOWRDjQPKIUzRW8gc9vCC9csWtunOQVeLlpAI5Gr3yV7ef0Cxm0lCBWnc8NzXBBJXhVLBpqZtpliId4YB1LJUYMx1M5sdOyZlV+iRKlC1pyFz9PTHBWOtxHNrOGM1QL3sz8T+vk5noJphwmWaGSbpYFGWCmITMPid9rhg1YmwJUsXtrYQOUSE1Np+SDcFbfnmVNC+r3lW19lCr1G/zOIpwAqdwDh5cQx3uoQE+UODwDK/w5kjnxXl3PhatBSefOYY/cD5/APz0jig=</latexit>ga,

<latexit sha1_base64="PGygBr/1lQIBUxDMReTyBTTTvsg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj2kkecgZNVZ6iPq6X664VXcOskq8nFQgR6Nf/uoNEpbFKA0TVOuu56bGn1BlOBM4LfUyjSllIxph11JJY9T+ZH7qlJxZZUDCRNmShszV3xMTGms9jgPbGVMz1MveTPzP62YmvPYnXKaZQckWi8JMEJOQ2d9kwBUyI8aWUKa4vZWwIVWUGZtOyYbgLb+8SloXVe+yWruvVeo3eRxFOIFTOAcPrqAOd9CAJjCI4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gBYwI3a</latexit>gs x 2 Rd
x <latexit sha1_base64="NLO1zg5iojx0agwpCBJ5jx19lEM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj2kkecgZNVZ6iPq0X664VXcOskq8nFQgR6Nf/uoNEpbFKA0TVOuu56bGn1BlOBM4LfUyjSllIxph11JJY9T+ZH7qlJxZZUDCRNmShszV3xMTGms9jgPbGVMz1MveTPzP62YmvPYnXKaZQckWi8JMEJOQ2d9kwBUyI8aWUKa4vZWwIVWUGZtOyYbgLb+8SloXVe+yWruvVeo3eRxFOIFTOAcPrqAOd9CAJjCI4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gA9eI3I</latexit>ga

• Data is nominally high dimensional, but intrinsically is of much lower dimension

• Optimal schemes from information theory have exponential complexity in dimension

low-dim high-dim

<latexit sha1_base64="u2aoEZeJinh29HMlouSTo/oUH5c=">AAACC3icbVC7SgNBFL0bXzG+opY2Q4JgFXYlqFgFbFJGMQ/IrmF2MpsMmZ1dZmaFsKS38VdsLBSx9Qfs/BsnyRYx8cDA4Zx7mXuOH3OmtG3/WLm19Y3Nrfx2YWd3b/+geHjUUlEiCW2SiEey42NFORO0qZnmtBNLikOf07Y/upn67UcqFYvEvR7H1AvxQLCAEayN1CuWBj11jdwQ66Hvp3eThxFydbQomKGyXbFnQKvEyUgZMjR6xW+3H5EkpEITjpXqOnasvRRLzQink4KbKBpjMsID2jVU4JAqL51lmaBTo/RREEnzhEYzdXEjxaFS49A3k9Mb1bI3Ff/zuokOrryUiTjRVJD5R0HCkUk7LQb1maRE87EhmEhmbkVkiCUm2tRXMCU4y5FXSeu84lxUqrfVcq2e1ZGHEyjBGThwCTWoQwOaQOAJXuAN3q1n69X6sD7nozkr2zmGP7C+fgGt6Jrd</latexit>

gs : Rk → Rn

<latexit sha1_base64="Np4qOAMSU10rBpm1zUkxkcyDSkg=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRS1GXRjcsq9gFNLJPppB06mYSZSSGE/okbF4q49U/c+TdO2yy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//APjxqqziVhLZIzGPZDbCinAna0kxz2k0kxVHAaScY3878zoRKxWLxqLOE+hEeChYygrWR+radeUx4EdajIMgfpk/jvl11as4caJW4BalCgWbf/vIGMUkjKjThWKme6yTaz7HUjHA6rXipogkmYzykPUMFjqjy83nyKTozygCFsTRPaDRXf2/kOFIqiwIzOcuolr2Z+J/XS3V47edMJKmmgiwOhSlHOkazGtCASUo0zwzBRDKTFZERlphoU1bFlOAuf3mVtC9q7mWtfl+vNm6KOspwAqdwDi5cQQPuoAktIDCBZ3iFNyu3Xqx362MxWrKKnWP4A+vzB+7Ek90=</latexit>

y 2 Rk



How is Learning Useful? 

• the geometry:
low-dimhigh-dim

<latexit sha1_base64="AVjRvLOQ1MXh1SGUtHkEc772xFs=">AAACC3icbVC7SgNBFL0bXzG+Vi1thgTBKuxKULEK2KSMYh6QrMvsZJIMmZ1dZmaFsKS38VdsLBSx9Qfs/BsnyRYx8cDA4Zx7mXtOEHOmtOP8WLm19Y3Nrfx2YWd3b//APjxqqiiRhDZIxCPZDrCinAna0Exz2o4lxWHAaSsY3Uz91iOVikXiXo9j6oV4IFifEayN5NvFgY+vUTfEehgE6d3kQaCujhaFkW+XnLIzA1olbkZKkKHu29/dXkSSkApNOFaq4zqx9lIsNSOcTgrdRNEYkxEe0I6hAodUeeksywSdGqWH+pE0T2g0Uxc3UhwqNQ4DMzm9US17U/E/r5Po/pWXMhEnmgoy/6ifcGTSTotBPSYp0XxsCCaSmVsRGWKJiTb1FUwJ7nLkVdI8L7sX5cptpVStZXXk4QSKcAYuXEIValCHBhB4ghd4g3fr2Xq1PqzP+WjOynaO4Q+sr1+QpZrL</latexit>

ga : Rn → Rk

<latexit sha1_base64="PGygBr/1lQIBUxDMReTyBTTTvsg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj2kkecgZNVZ6iPq6X664VXcOskq8nFQgR6Nf/uoNEpbFKA0TVOuu56bGn1BlOBM4LfUyjSllIxph11JJY9T+ZH7qlJxZZUDCRNmShszV3xMTGms9jgPbGVMz1MveTPzP62YmvPYnXKaZQckWi8JMEJOQ2d9kwBUyI8aWUKa4vZWwIVWUGZtOyYbgLb+8SloXVe+yWruvVeo3eRxFOIFTOAcPrqAOd9CAJjCI4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gBYwI3a</latexit>gs•            complex and unknown 
<latexit sha1_base64="ntWjUTTI4oaff39VhWWoxYXA7+w=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REinosevFYwbSFNpTJdtMu3WzC7kYopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1PBtXHdb6ewtr6xuVXcLu3s7u0flA+PmjrJFGU+TUSi2iFqJrhkvuFGsHaqGMahYK1wdDfzW09MaZ7IRzNOWRDjQPKIUzRW8gc9vCC9csWtunOQVeLlpAI5Gr3yV7ef0Cxm0lCBWnc8NzXBBJXhVLBpqZtpliId4YB1LJUYMx1M5sdOyZlV+iRKlC1pyFz9PTHBWOtxHNrOGM1QL3sz8T+vk5noJphwmWaGSbpYFGWCmITMPid9rhg1YmwJUsXtrYQOUSE1Np+SDcFbfnmVNC+r3lW19lCr1G/zOIpwAqdwDh5cQx3uoQE+UODwDK/w5kjnxXl3PhatBSefOYY/cD5/APz0jig=</latexit>ga,

<latexit sha1_base64="PGygBr/1lQIBUxDMReTyBTTTvsg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj2kkecgZNVZ6iPq6X664VXcOskq8nFQgR6Nf/uoNEpbFKA0TVOuu56bGn1BlOBM4LfUyjSllIxph11JJY9T+ZH7qlJxZZUDCRNmShszV3xMTGms9jgPbGVMz1MveTPzP62YmvPYnXKaZQckWi8JMEJOQ2d9kwBUyI8aWUKa4vZWwIVWUGZtOyYbgLb+8SloXVe+yWruvVeo3eRxFOIFTOAcPrqAOd9CAJjCI4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gBYwI3a</latexit>gs x 2 Rd

• learn it from data!

x <latexit sha1_base64="NLO1zg5iojx0agwpCBJ5jx19lEM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3TpZhN2N0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hodua3n1BpnshHM07Rj2kkecgZNVZ6iPq0X664VXcOskq8nFQgR6Nf/uoNEpbFKA0TVOuu56bGn1BlOBM4LfUyjSllIxph11JJY9T+ZH7qlJxZZUDCRNmShszV3xMTGms9jgPbGVMz1MveTPzP62YmvPYnXKaZQckWi8JMEJOQ2d9kwBUyI8aWUKa4vZWwIVWUGZtOyYbgLb+8SloXVe+yWruvVeo3eRxFOIFTOAcPrqAOd9CAJjCI4Ble4c0Rzovz7nwsWgtOPnMMf+B8/gA9eI3I</latexit>ga

• Data is nominally high dimensional, but intrinsically is of much lower dimension

• Optimal schemes from information theory have exponential complexity in dimension

low-dim high-dim

<latexit sha1_base64="u2aoEZeJinh29HMlouSTo/oUH5c=">AAACC3icbVC7SgNBFL0bXzG+opY2Q4JgFXYlqFgFbFJGMQ/IrmF2MpsMmZ1dZmaFsKS38VdsLBSx9Qfs/BsnyRYx8cDA4Zx7mXuOH3OmtG3/WLm19Y3Nrfx2YWd3b/+geHjUUlEiCW2SiEey42NFORO0qZnmtBNLikOf07Y/upn67UcqFYvEvR7H1AvxQLCAEayN1CuWBj11jdwQ66Hvp3eThxFydbQomKGyXbFnQKvEyUgZMjR6xW+3H5EkpEITjpXqOnasvRRLzQink4KbKBpjMsID2jVU4JAqL51lmaBTo/RREEnzhEYzdXEjxaFS49A3k9Mb1bI3Ff/zuokOrryUiTjRVJD5R0HCkUk7LQb1maRE87EhmEhmbkVkiCUm2tRXMCU4y5FXSeu84lxUqrfVcq2e1ZGHEyjBGThwCTWoQwOaQOAJXuAN3q1n69X6sD7nozkr2zmGP7C+fgGt6Jrd</latexit>

gs : Rk → Rn

<latexit sha1_base64="Np4qOAMSU10rBpm1zUkxkcyDSkg=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRS1GXRjcsq9gFNLJPppB06mYSZSSGE/okbF4q49U/c+TdO2yy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//APjxqqziVhLZIzGPZDbCinAna0kxz2k0kxVHAaScY3878zoRKxWLxqLOE+hEeChYygrWR+radeUx4EdajIMgfpk/jvl11as4caJW4BalCgWbf/vIGMUkjKjThWKme6yTaz7HUjHA6rXipogkmYzykPUMFjqjy83nyKTozygCFsTRPaDRXf2/kOFIqiwIzOcuolr2Z+J/XS3V47edMJKmmgiwOhSlHOkazGtCASUo0zwzBRDKTFZERlphoU1bFlOAuf3mVtC9q7mWtfl+vNm6KOspwAqdwDi5cQQPuoAktIDCBZ3iFNyu3Xqx362MxWrKKnWP4A+vzB+7Ek90=</latexit>

y 2 Rk



• Nonlinear Transform Coding (NTC)


• Transform  to  


•  is rounded to  entry-wise


•  is encoded under model  (also learned)


• Reconstruction  is transformed from 


• Objective: 

<latexit sha1_base64="sW7z8K5/u00VqTFFNHzlH4d9brE=">AAAB/XicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQwI4jGCeUCyhNnJbDJmZnaZmRXDsvgLXvXuTbz6LV79EifJHkxiQUNR1U13VxBzpo3rfjtLyyura+uFjeLm1vbObmlvv6GjRBFaJxGPVCvAmnImad0ww2krVhSLgNNmMLwe+81HqjSL5L0ZxdQXuC9ZyAg2Vmp0ApE+Zd1S2a24E6BF4uWkDDlq3dJPpxeRRFBpCMdatz03Nn6KlWGE06zYSTSNMRniPm1bKrGg2k8n12bo2Co9FEbKljRoov6dSLHQeiQC2ymwGeh5byz+57UTE175KZNxYqgk00VhwpGJ0Ph11GOKEsNHlmCimL0VkQFWmBgb0MyWQGRFG4o3H8EiaZxWvIvK+d1ZuXqTx1OAQziCE/DgEqpwCzWoA4EHeIFXeHOenXfnw/mcti45+cwBzMD5+gU3YZYF</latexit>x
<latexit sha1_base64="2YpG6A/3zFuKBvdiLS/ZWjz+Qds=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2NAEI8RzAOSJcxOJsmYmdllZlZYlsVf8Kp3b+LVb/HqlzhJ9mASCxqKqm66u4KIM21c99sprKyurW8UN0tb2zu7e+X9g6YOY0Vog4Q8VO0Aa8qZpA3DDKftSFEsAk5bwfhm4reeqNIslA8miagv8FCyASPYWKnZDUSaZL1yxa26U6Bl4uWkAjnqvfJPtx+SWFBpCMdadzw3Mn6KlWGE06zUjTWNMBnjIe1YKrGg2k+n12boxCp9NAiVLWnQVP07kWKhdSIC2ymwGelFbyL+53ViM7j2Uyaj2FBJZosGMUcmRJPXUZ8pSgxPLMFEMXsrIiOsMDE2oLktgchKNhRvMYJl0jyrepfVi/vzSu02j6cIR3AMp+DBFdTgDurQAAKP8AKv8OY8O+/Oh/M5ay04+cwhzMH5+gU49pYG</latexit>y

<latexit sha1_base64="2YpG6A/3zFuKBvdiLS/ZWjz+Qds=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2NAEI8RzAOSJcxOJsmYmdllZlZYlsVf8Kp3b+LVb/HqlzhJ9mASCxqKqm66u4KIM21c99sprKyurW8UN0tb2zu7e+X9g6YOY0Vog4Q8VO0Aa8qZpA3DDKftSFEsAk5bwfhm4reeqNIslA8miagv8FCyASPYWKnZDUSaZL1yxa26U6Bl4uWkAjnqvfJPtx+SWFBpCMdadzw3Mn6KlWGE06zUjTWNMBnjIe1YKrGg2k+n12boxCp9NAiVLWnQVP07kWKhdSIC2ymwGelFbyL+53ViM7j2Uyaj2FBJZosGMUcmRJPXUZ8pSgxPLMFEMXsrIiOsMDE2oLktgchKNhRvMYJl0jyrepfVi/vzSu02j6cIR3AMp+DBFdTgDurQAAKP8AKv8OY8O+/Oh/M5ay04+cwhzMH5+gU49pYG</latexit>y
<latexit sha1_base64="5T+JLAR9rLLfO6nwi5GqGx7dL5M=">AAACA3icbVDLSsNAFJ3UV62vqks3g0VwVRLxtSwI4rKCrYUmlMl02g6dmYSZGyGELP0Ft7p3J279ELd+idM2C9t64MLhnHs5lxPGghtw3W+ntLK6tr5R3qxsbe/s7lX3D9omSjRlLRqJSHdCYpjgirWAg2CdWDMiQ8Eew/HNxH98YtrwSD1AGrNAkqHiA04JWMn3RwQyP5RZmue9as2tu1PgZeIVpIYKNHvVH78f0UQyBVQQY7qeG0OQEQ2cCpZX/MSwmNAxGbKupYpIZoJs+nOOT6zSx4NI21GAp+rfi4xIY1IZ2k1JYGQWvYn4n9dNYHAdZFzFCTBFZ0GDRGCI8KQA3OeaURCpJYRqbn/FdEQ0oWBrmksJZV6xpXiLFSyT9lndu6xf3J/XGrdFPWV0hI7RKfLQFWqgO9RELURRjF7QK3pznp1358P5nK2WnOLmEM3B+foFOS2Y0w==</latexit>

ŷ
<latexit sha1_base64="5T+JLAR9rLLfO6nwi5GqGx7dL5M=">AAACA3icbVDLSsNAFJ3UV62vqks3g0VwVRLxtSwI4rKCrYUmlMl02g6dmYSZGyGELP0Ft7p3J279ELd+idM2C9t64MLhnHs5lxPGghtw3W+ntLK6tr5R3qxsbe/s7lX3D9omSjRlLRqJSHdCYpjgirWAg2CdWDMiQ8Eew/HNxH98YtrwSD1AGrNAkqHiA04JWMn3RwQyP5RZmue9as2tu1PgZeIVpIYKNHvVH78f0UQyBVQQY7qeG0OQEQ2cCpZX/MSwmNAxGbKupYpIZoJs+nOOT6zSx4NI21GAp+rfi4xIY1IZ2k1JYGQWvYn4n9dNYHAdZFzFCTBFZ0GDRGCI8KQA3OeaURCpJYRqbn/FdEQ0oWBrmksJZV6xpXiLFSyT9lndu6xf3J/XGrdFPWV0hI7RKfLQFWqgO9RELURRjF7QK3pznp1358P5nK2WnOLmEM3B+foFOS2Y0w==</latexit>

ŷ <latexit sha1_base64="dL6M85qQLz+4qSk24rST/u2/6Q0=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSwI4rKCfUATwmQ6aYfOTMLMpBBCvsBfcKt7d+LWr3Drlzhts7CtBy4czrmXczlhwqjSjvNtVdbWNza3qtu1nd29/QP78Kij4lRi0sYxi2UvRIowKkhbU81IL5EE8ZCRbji+m/rdCZGKxuJJZwnxORoKGlGMtJEC206C3BshnXshz7OiKAK77jScGeAqcUtSByVagf3jDWKcciI0Zkipvusk2s+R1BQzUtS8VJEE4TEakr6hAnGi/Hz2eQHPjDKAUSzNCA1n6t+LHHGlMh6aTY70SC17U/E/r5/q6NbPqUhSTQSeB0UpgzqG0xrggEqCNcsMQVhS8yvEIyQR1qashZSQFzVTirtcwSrpXDTc68bV42W9eV/WUwUn4BScAxfcgCZ4AC3QBhhMwAt4BW/Ws/VufVif89WKVd4cgwVYX78sm5rz</latexit>pŷ

<latexit sha1_base64="aULIGahwlefrv7VvvK8W6GYqpjY=">AAACA3icbVC7SgNBFL0bXzG+opY2g0GwCrviqwwIYhnBPCC7hNnJJBkyM7vMzIph2dJfsNXeTmz9EFu/xEmyhUk8cOFwzr2cywljzrRx3W+nsLK6tr5R3Cxtbe/s7pX3D5o6ShShDRLxSLVDrClnkjYMM5y2Y0WxCDlthaObid96pEqzSD6YcUwDgQeS9RnBxkq+P8Qm9UORPmVZt1xxq+4UaJl4OalAjnq3/OP3IpIIKg3hWOuO58YmSLEyjHCalfxE0xiTER7QjqUSC6qDdPpzhk6s0kP9SNmRBk3VvxcpFlqPRWg3BTZDvehNxP+8TmL610HKZJwYKsksqJ9wZCI0KQD1mKLE8LElmChmf0VkiBUmxtY0lxKKrGRL8RYrWCbNs6p3Wb24P6/UbvN6inAEx3AKHlxBDe6gDg0gEMMLvMKb8+y8Ox/O52y14OQ3hzAH5+sXN5eY0g==</latexit>

x̂
<latexit sha1_base64="5T+JLAR9rLLfO6nwi5GqGx7dL5M=">AAACA3icbVDLSsNAFJ3UV62vqks3g0VwVRLxtSwI4rKCrYUmlMl02g6dmYSZGyGELP0Ft7p3J279ELd+idM2C9t64MLhnHs5lxPGghtw3W+ntLK6tr5R3qxsbe/s7lX3D9omSjRlLRqJSHdCYpjgirWAg2CdWDMiQ8Eew/HNxH98YtrwSD1AGrNAkqHiA04JWMn3RwQyP5RZmue9as2tu1PgZeIVpIYKNHvVH78f0UQyBVQQY7qeG0OQEQ2cCpZX/MSwmNAxGbKupYpIZoJs+nOOT6zSx4NI21GAp+rfi4xIY1IZ2k1JYGQWvYn4n9dNYHAdZFzFCTBFZ0GDRGCI8KQA3OeaURCpJYRqbn/FdEQ0oWBrmksJZV6xpXiLFSyT9lndu6xf3J/XGrdFPWV0hI7RKfLQFWqgO9RELURRjF7QK3pznp1358P5nK2WnOLmEM3B+foFOS2Y0w==</latexit>

ŷ

Neural Compression

<latexit sha1_base64="9JMnCZ2RhLPzYQ2UvpmAfJ2Z3EM=">AAAB+nicbVDLTgIxFL2DL8TXoEs3jcTEFZkxRF0S3bjERB4JMyGd0oGGTjtpOxqCfIobFxrj1i9x599YYBYKnqbJyTn33t6eKOVMG8/7dgpr6xubW8Xt0s7u3v6BWz5saZkpQptEcqk6EdaUM0GbhhlOO6miOIk4bUejm5nffqBKMynuzTilYYIHgsWMYGOlnlsOeMylVAGyx45kvOdWvKo3B1olfk4qkKPRc7+CviRZQoUhHGvd9b3UhBOsDCOcTktBpmmKyQgPaNdSgROqw8l89Sk6tUofxVLZKwyaq787JjjRepxEtjLBZqiXvZn4n9fNTHwVTphIM0MFWTwUZxwZiWY5oD5TlBg+tgQTxeyuiAyxwsTYtEo2BH/5y6ukdV71L6q1u1qlfp3HUYRjOIEz8OES6nALDWgCgUd4hld4c56cF+fd+ViUFpy85wj+wPn8AbrTk6s=</latexit>

b e

(rate/distortion tradeoff)

[Theis et al ’17] [Agustsson et al ‘17]

[Ballé et al ’17] [Minnen et al ’18]



• Nonlinear Transform Coding (NTC)


• Transform  to  


•  is rounded to  entry-wise


•  is encoded under model  (also learned)


• Reconstruction  is transformed from 


• Objective: 

<latexit sha1_base64="sW7z8K5/u00VqTFFNHzlH4d9brE=">AAAB/XicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQwI4jGCeUCyhNnJbDJmZnaZmRXDsvgLXvXuTbz6LV79EifJHkxiQUNR1U13VxBzpo3rfjtLyyura+uFjeLm1vbObmlvv6GjRBFaJxGPVCvAmnImad0ww2krVhSLgNNmMLwe+81HqjSL5L0ZxdQXuC9ZyAg2Vmp0ApE+Zd1S2a24E6BF4uWkDDlq3dJPpxeRRFBpCMdatz03Nn6KlWGE06zYSTSNMRniPm1bKrGg2k8n12bo2Co9FEbKljRoov6dSLHQeiQC2ymwGeh5byz+57UTE175KZNxYqgk00VhwpGJ0Ph11GOKEsNHlmCimL0VkQFWmBgb0MyWQGRFG4o3H8EiaZxWvIvK+d1ZuXqTx1OAQziCE/DgEqpwCzWoA4EHeIFXeHOenXfnw/mcti45+cwBzMD5+gU3YZYF</latexit>x
<latexit sha1_base64="2YpG6A/3zFuKBvdiLS/ZWjz+Qds=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2NAEI8RzAOSJcxOJsmYmdllZlZYlsVf8Kp3b+LVb/HqlzhJ9mASCxqKqm66u4KIM21c99sprKyurW8UN0tb2zu7e+X9g6YOY0Vog4Q8VO0Aa8qZpA3DDKftSFEsAk5bwfhm4reeqNIslA8miagv8FCyASPYWKnZDUSaZL1yxa26U6Bl4uWkAjnqvfJPtx+SWFBpCMdadzw3Mn6KlWGE06zUjTWNMBnjIe1YKrGg2k+n12boxCp9NAiVLWnQVP07kWKhdSIC2ymwGelFbyL+53ViM7j2Uyaj2FBJZosGMUcmRJPXUZ8pSgxPLMFEMXsrIiOsMDE2oLktgchKNhRvMYJl0jyrepfVi/vzSu02j6cIR3AMp+DBFdTgDurQAAKP8AKv8OY8O+/Oh/M5ay04+cwhzMH5+gU49pYG</latexit>y

<latexit sha1_base64="2YpG6A/3zFuKBvdiLS/ZWjz+Qds=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2NAEI8RzAOSJcxOJsmYmdllZlZYlsVf8Kp3b+LVb/HqlzhJ9mASCxqKqm66u4KIM21c99sprKyurW8UN0tb2zu7e+X9g6YOY0Vog4Q8VO0Aa8qZpA3DDKftSFEsAk5bwfhm4reeqNIslA8miagv8FCyASPYWKnZDUSaZL1yxa26U6Bl4uWkAjnqvfJPtx+SWFBpCMdadzw3Mn6KlWGE06zUjTWNMBnjIe1YKrGg2k+n12boxCp9NAiVLWnQVP07kWKhdSIC2ymwGelFbyL+53ViM7j2Uyaj2FBJZosGMUcmRJPXUZ8pSgxPLMFEMXsrIiOsMDE2oLktgchKNhRvMYJl0jyrepfVi/vzSu02j6cIR3AMp+DBFdTgDurQAAKP8AKv8OY8O+/Oh/M5ay04+cwhzMH5+gU49pYG</latexit>y
<latexit sha1_base64="5T+JLAR9rLLfO6nwi5GqGx7dL5M=">AAACA3icbVDLSsNAFJ3UV62vqks3g0VwVRLxtSwI4rKCrYUmlMl02g6dmYSZGyGELP0Ft7p3J279ELd+idM2C9t64MLhnHs5lxPGghtw3W+ntLK6tr5R3qxsbe/s7lX3D9omSjRlLRqJSHdCYpjgirWAg2CdWDMiQ8Eew/HNxH98YtrwSD1AGrNAkqHiA04JWMn3RwQyP5RZmue9as2tu1PgZeIVpIYKNHvVH78f0UQyBVQQY7qeG0OQEQ2cCpZX/MSwmNAxGbKupYpIZoJs+nOOT6zSx4NI21GAp+rfi4xIY1IZ2k1JYGQWvYn4n9dNYHAdZFzFCTBFZ0GDRGCI8KQA3OeaURCpJYRqbn/FdEQ0oWBrmksJZV6xpXiLFSyT9lndu6xf3J/XGrdFPWV0hI7RKfLQFWqgO9RELURRjF7QK3pznp1358P5nK2WnOLmEM3B+foFOS2Y0w==</latexit>

ŷ
<latexit sha1_base64="5T+JLAR9rLLfO6nwi5GqGx7dL5M=">AAACA3icbVDLSsNAFJ3UV62vqks3g0VwVRLxtSwI4rKCrYUmlMl02g6dmYSZGyGELP0Ft7p3J279ELd+idM2C9t64MLhnHs5lxPGghtw3W+ntLK6tr5R3qxsbe/s7lX3D9omSjRlLRqJSHdCYpjgirWAg2CdWDMiQ8Eew/HNxH98YtrwSD1AGrNAkqHiA04JWMn3RwQyP5RZmue9as2tu1PgZeIVpIYKNHvVH78f0UQyBVQQY7qeG0OQEQ2cCpZX/MSwmNAxGbKupYpIZoJs+nOOT6zSx4NI21GAp+rfi4xIY1IZ2k1JYGQWvYn4n9dNYHAdZFzFCTBFZ0GDRGCI8KQA3OeaURCpJYRqbn/FdEQ0oWBrmksJZV6xpXiLFSyT9lndu6xf3J/XGrdFPWV0hI7RKfLQFWqgO9RELURRjF7QK3pznp1358P5nK2WnOLmEM3B+foFOS2Y0w==</latexit>

ŷ <latexit sha1_base64="dL6M85qQLz+4qSk24rST/u2/6Q0=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSwI4rKCfUATwmQ6aYfOTMLMpBBCvsBfcKt7d+LWr3Drlzhts7CtBy4czrmXczlhwqjSjvNtVdbWNza3qtu1nd29/QP78Kij4lRi0sYxi2UvRIowKkhbU81IL5EE8ZCRbji+m/rdCZGKxuJJZwnxORoKGlGMtJEC206C3BshnXshz7OiKAK77jScGeAqcUtSByVagf3jDWKcciI0Zkipvusk2s+R1BQzUtS8VJEE4TEakr6hAnGi/Hz2eQHPjDKAUSzNCA1n6t+LHHGlMh6aTY70SC17U/E/r5/q6NbPqUhSTQSeB0UpgzqG0xrggEqCNcsMQVhS8yvEIyQR1qashZSQFzVTirtcwSrpXDTc68bV42W9eV/WUwUn4BScAxfcgCZ4AC3QBhhMwAt4BW/Ws/VufVif89WKVd4cgwVYX78sm5rz</latexit>pŷ

<latexit sha1_base64="aULIGahwlefrv7VvvK8W6GYqpjY=">AAACA3icbVC7SgNBFL0bXzG+opY2g0GwCrviqwwIYhnBPCC7hNnJJBkyM7vMzIph2dJfsNXeTmz9EFu/xEmyhUk8cOFwzr2cywljzrRx3W+nsLK6tr5R3Cxtbe/s7pX3D5o6ShShDRLxSLVDrClnkjYMM5y2Y0WxCDlthaObid96pEqzSD6YcUwDgQeS9RnBxkq+P8Qm9UORPmVZt1xxq+4UaJl4OalAjnq3/OP3IpIIKg3hWOuO58YmSLEyjHCalfxE0xiTER7QjqUSC6qDdPpzhk6s0kP9SNmRBk3VvxcpFlqPRWg3BTZDvehNxP+8TmL610HKZJwYKsksqJ9wZCI0KQD1mKLE8LElmChmf0VkiBUmxtY0lxKKrGRL8RYrWCbNs6p3Wb24P6/UbvN6inAEx3AKHlxBDe6gDg0gEMMLvMKb8+y8Ox/O52y14OQ3hzAH5+sXN5eY0g==</latexit>

x̂
<latexit sha1_base64="5T+JLAR9rLLfO6nwi5GqGx7dL5M=">AAACA3icbVDLSsNAFJ3UV62vqks3g0VwVRLxtSwI4rKCrYUmlMl02g6dmYSZGyGELP0Ft7p3J279ELd+idM2C9t64MLhnHs5lxPGghtw3W+ntLK6tr5R3qxsbe/s7lX3D9omSjRlLRqJSHdCYpjgirWAg2CdWDMiQ8Eew/HNxH98YtrwSD1AGrNAkqHiA04JWMn3RwQyP5RZmue9as2tu1PgZeIVpIYKNHvVH78f0UQyBVQQY7qeG0OQEQ2cCpZX/MSwmNAxGbKupYpIZoJs+nOOT6zSx4NI21GAp+rfi4xIY1IZ2k1JYGQWvYn4n9dNYHAdZFzFCTBFZ0GDRGCI8KQA3OeaURCpJYRqbn/FdEQ0oWBrmksJZV6xpXiLFSyT9lndu6xf3J/XGrdFPWV0hI7RKfLQFWqgO9RELURRjF7QK3pznp1358P5nK2WnOLmEM3B+foFOS2Y0w==</latexit>

ŷ

Neural Compression

<latexit sha1_base64="9JMnCZ2RhLPzYQ2UvpmAfJ2Z3EM=">AAAB+nicbVDLTgIxFL2DL8TXoEs3jcTEFZkxRF0S3bjERB4JMyGd0oGGTjtpOxqCfIobFxrj1i9x599YYBYKnqbJyTn33t6eKOVMG8/7dgpr6xubW8Xt0s7u3v6BWz5saZkpQptEcqk6EdaUM0GbhhlOO6miOIk4bUejm5nffqBKMynuzTilYYIHgsWMYGOlnlsOeMylVAGyx45kvOdWvKo3B1olfk4qkKPRc7+CviRZQoUhHGvd9b3UhBOsDCOcTktBpmmKyQgPaNdSgROqw8l89Sk6tUofxVLZKwyaq787JjjRepxEtjLBZqiXvZn4n9fNTHwVTphIM0MFWTwUZxwZiWY5oD5TlBg+tgQTxeyuiAyxwsTYtEo2BH/5y6ukdV71L6q1u1qlfp3HUYRjOIEz8OES6nALDWgCgUd4hld4c56cF+fd+ViUFpy85wj+wPn8AbrTk6s=</latexit>

b e

(rate/distortion tradeoff)

(rate/distortion/perception tradeoff)

<latexit sha1_base64="HtdEHXoaP+m96uNwuhllDJdd3dQ="></latexit>

minE[→ log pŷ(ŷ)] + ω1 E[d(x, x̂)] + ω2ε(Px, Px̂)

[Theis et al ’17] [Agustsson et al ‘17]

[Ballé et al ’17] [Minnen et al ’18]

[Mentzer ’22] [Muckley et al ’23] 
[Agustsson et al ‘23]



Recent Architectures
• Recent architectures involve sophisticated transform + entropy model design [1, 2, 3]

• Training: noisy proxy 

• Entropy model

• Complex channel-spatial dependencies within 

[1] He, Dailan, et al. "Elic: Efficient learned image compression with unevenly grouped space-channel contextual adaptive coding.” CVPR 2022.

[2] He, Dailan, et al. “Po-elic: Perception-oriented efficient learned image coding” CVPR 2022.

[3] M. Muckley et al. “Improving statistical fidelity for neural image compression with implicit local likelihood models.” ICML 2023.

ELIC [1]

<latexit sha1_base64="PWgJu3oSiNx7Dq+5xKFpodUmh5c="></latexit>

→ga(x)" → ga(x) + u, u ∼ Unif([−0.5, 0.5)d)

<latexit sha1_base64="PTfkEC0ekpoK5TbHii4Ge2d5ZzY="></latexit>

ŷ



Fundamental Questions
• Are learning-based compressors such as NTC information-theoretically optimal?

- Some look at stylized sources with intrinsic dimension one 


- Some compute bounds on the RD function of real-world 
sources and  show that there is a gap 

• Can we design practical compressors informed by information theoretic designs?

[Wagner&Ballé ’21], [Bhadane et al ’22], [Ozyilkan et al ‘24]


[Lei, Hassani, SB ’22], [Yang&Mandt ’22]




Outline



Outline

• Sub-optimality of NTC for Gaussian sources



Outline

• Sub-optimality of NTC for Gaussian sources

• Lattice Transform Coding (LTC) for RD 



Outline

• Sub-optimality of NTC for Gaussian sources

• Lattice Transform Coding (LTC) for RD 

• LTC with Dithering for RDP



Outline

• Sub-optimality of NTC for Gaussian sources

• Lattice Transform Coding (LTC) for RD 

• LTC with Dithering for RDP

• Simulation Results



NTC for i.i.d. Gaussian Source

• Source: 


• Consider 


• NTC does not outperform scalar quantization with increasing n

n = 1,2,...

0.2 0.4 0.6 0.8
D
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R(D)

n = 1 ECSQ

n = 1 NTC

n = 2 NTC

<latexit sha1_base64="rygUv3R8WD4ZKReTmJoVIlFJ0jk="></latexit>

x = (x1, . . . ,xn), xi ⇠ N (0, 1) <latexit sha1_base64="29gPawdhiPRT0kcblUrNKtOANpA=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8cI5gHJEmYns8mYmdllZlYMy+IveNW7N/Hqt3j1S5wkezCJBQ1FVTfdXUHMmTau++0UVlbX1jeKm6Wt7Z3dvfL+QVNHiSK0QSIeqXaANeVM0oZhhtN2rCgWAaetYHQz8VuPVGkWyXszjqkv8ECykBFsrNTsBiJ9ynrlilt1p0DLxMtJBXLUe+Wfbj8iiaDSEI617nhubPwUK8MIp1mpm2gaYzLCA9qxVGJBtZ9Or83QiVX6KIyULWnQVP07kWKh9VgEtlNgM9SL3kT8z+skJrz2UybjxFBJZovChCMTocnrqM8UJYaPLcFEMXsrIkOsMDE2oLktgchKNhRvMYJl0jyrepfVi7vzSq2Wx1OEIziGU/DgCmpwC3VoAIEHeIFXeHOenXfnw/mctRacfOYQ5uB8/QI1k5X/</latexit>x <latexit sha1_base64="uCHLFt+LYR0MMrjsb24kmnlXbOA=">AAAB/XicbVDLSsNAFL3xWeur6tLNYBFclUR8LQtuXFawD2hDmUwn7diZSZiZCCEEf8Gt7t2JW7/FrV/itM3Cth64cDjnXu69J4g508Z1v52V1bX1jc3SVnl7Z3dvv3Jw2NJRoghtkohHqhNgTTmTtGmY4bQTK4pFwGk7GN9O/PYTVZpF8sGkMfUFHkoWMoKNlVq9QGRp3q9U3Zo7BVomXkGqUKDRr/z0BhFJBJWGcKx113Nj42dYGUY4zcu9RNMYkzEe0q6lEguq/Wx6bY5OrTJAYaRsSYOm6t+JDAutUxHYToHNSC96E/E/r5uY8MbPmIwTQyWZLQoTjkyEJq+jAVOUGJ5agoli9lZERlhhYmxAc1sCkZdtKN5iBMukdV7zrmqX9xfVer2IpwTHcAJn4ME11OEOGtAEAo/wAq/w5jw7786H8zlrXXGKmSOYg/P1CzcolgA=</latexit>y
<latexit sha1_base64="Ru5TU8NIo1gJkCcGn8JI7LGzRws=">AAACA3icbVC7SgNBFL0bXzG+opY2g0GwCrviqwzYWEYwiZBdwuxkNhkyM7vMzIph2dJfsNXeTmz9EFu/xEmyhUk8cOFwzr2cywkTzrRx3W+ntLK6tr5R3qxsbe/s7lX3D9o6ThWhLRLzWD2EWFPOJG0ZZjh9SBTFIuS0E45uJn7nkSrNYnlvxgkNBB5IFjGCjZV8PxSZP8Qme8rzXrXm1t0p0DLxClKDAs1e9cfvxyQVVBrCsdZdz01MkGFlGOE0r/ippgkmIzygXUslFlQH2fTnHJ1YpY+iWNmRBk3VvxcZFlqPRWg3BTZDvehNxP+8bmqi6yBjMkkNlWQWFKUcmRhNCkB9pigxfGwJJorZXxEZYoWJsTXNpYQir9hSvMUKlkn7rO5d1i/uzmuNRlFPGY7gGE7BgytowC00oQUEEniBV3hznp1358P5nK2WnOLmEObgfP0CNbeYzA==</latexit>

x̂
<latexit sha1_base64="XeDVItwgdIXb6XUDa/EeXuuZ4ug=">AAAB+nicbVA9SwNBEJ2LXzF+RS1tFoNgFe7EqGXAxjKi+YDkCHubvcuS3b1jd08IZ36CrfZ2YuufsfWXuEmuMIkPBh7vzTAzL0g408Z1v53C2vrG5lZxu7Szu7d/UD48auk4VYQ2Scxj1QmwppxJ2jTMcNpJFMUi4LQdjG6nfvuJKs1i+WjGCfUFjiQLGcHGSg9RH/fLFbfqzoBWiZeTCuRo9Ms/vUFMUkGlIRxr3fXcxPgZVoYRTielXqppgskIR7RrqcSCaj+bnTpBZ1YZoDBWtqRBM/XvRIaF1mMR2E6BzVAve1PxP6+bmvDGz5hMUkMlmS8KU45MjKZ/owFTlBg+tgQTxeytiAyxwsTYdBa2BGJSsqF4yxGsktZF1buq1u4vK/V6Hk8RTuAUzsGDa6jDHTSgCQQieIFXeHOenXfnw/mctxacfOYYFuB8/QJ2jJRt</latexit>ga

<latexit sha1_base64="6pH63nADZC9y4VdP6YqRehCUBnI=">AAAB+nicbVA9SwNBEJ2LXzF+RS1tFoNgFe7EqGXAxjKi+YDkCHubvcuS3b1jd08IZ36CrfZ2YuufsfWXuEmuMIkPBh7vzTAzL0g408Z1v53C2vrG5lZxu7Szu7d/UD48auk4VYQ2Scxj1QmwppxJ2jTMcNpJFMUi4LQdjG6nfvuJKs1i+WjGCfUFjiQLGcHGSg9RX/fLFbfqzoBWiZeTCuRo9Ms/vUFMUkGlIRxr3fXcxPgZVoYRTielXqppgskIR7RrqcSCaj+bnTpBZ1YZoDBWtqRBM/XvRIaF1mMR2E6BzVAve1PxP6+bmvDGz5hMUkMlmS8KU45MjKZ/owFTlBg+tgQTxeytiAyxwsTYdBa2BGJSsqF4yxGsktZF1buq1u4vK/V6Hk8RTuAUzsGDa6jDHTSgCQQieIFXeHOenXfnw/mctxacfOYYFuB8/QKS9JR/</latexit>gs

<latexit sha1_base64="EQndytBmIwabxJag94+MLlUXfuI=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSy6cVnBPqAJYTKdtENnJmFmUgghX+AvuNW9O3HrV7j1S5y2WdjWAxcO59zLuZwwYVRpx/m2KmvrG5tb1e3azu7e/oF9eNRRcSoxaeOYxbIXIkUYFaStqWakl0iCeMhINxzfT/3uhEhFY/Gks4T4HA0FjShG2kiBbSdB7oU890ZI51lRFIFddxrODHCVuCWpgxKtwP7xBjFOOREaM6RU33US7edIaooZKWpeqkiC8BgNSd9QgThRfj77vIBnRhnAKJZmhIYz9e9FjrhSGQ/NJkd6pJa9qfif1091dOvnVCSpJgLPg6KUQR3DaQ1wQCXBmmWGICyp+RXiEZIIa1PWQkrIi5opxV2uYJV0LhrudePq8bLevCvrqYITcArOgQtuQBM8gBZoAwwm4AW8gjfr2Xq3PqzP+WrFKm+OwQKsr18rVZrv</latexit>pŷ

<latexit sha1_base64="B+ayJk6TmxFtqIP+LHXJREgpS3E="></latexit>

! "

RD function

Scalar quantization

VQ



<latexit sha1_base64="29gPawdhiPRT0kcblUrNKtOANpA=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8cI5gHJEmYns8mYmdllZlYMy+IveNW7N/Hqt3j1S5wkezCJBQ1FVTfdXUHMmTau++0UVlbX1jeKm6Wt7Z3dvfL+QVNHiSK0QSIeqXaANeVM0oZhhtN2rCgWAaetYHQz8VuPVGkWyXszjqkv8ECykBFsrNTsBiJ9ynrlilt1p0DLxMtJBXLUe+Wfbj8iiaDSEI617nhubPwUK8MIp1mpm2gaYzLCA9qxVGJBtZ9Or83QiVX6KIyULWnQVP07kWKh9VgEtlNgM9SL3kT8z+skJrz2UybjxFBJZovChCMTocnrqM8UJYaPLcFEMXsrIkOsMDE2oLktgchKNhRvMYJl0jyrepfVi7vzSq2Wx1OEIziGU/DgCmpwC3VoAIEHeIFXeHOenXfnw/mctRacfOYQ5uB8/QI1k5X/</latexit>x <latexit sha1_base64="uCHLFt+LYR0MMrjsb24kmnlXbOA=">AAAB/XicbVDLSsNAFL3xWeur6tLNYBFclUR8LQtuXFawD2hDmUwn7diZSZiZCCEEf8Gt7t2JW7/FrV/itM3Cth64cDjnXu69J4g508Z1v52V1bX1jc3SVnl7Z3dvv3Jw2NJRoghtkohHqhNgTTmTtGmY4bQTK4pFwGk7GN9O/PYTVZpF8sGkMfUFHkoWMoKNlVq9QGRp3q9U3Zo7BVomXkGqUKDRr/z0BhFJBJWGcKx113Nj42dYGUY4zcu9RNMYkzEe0q6lEguq/Wx6bY5OrTJAYaRsSYOm6t+JDAutUxHYToHNSC96E/E/r5uY8MbPmIwTQyWZLQoTjkyEJq+jAVOUGJ5agoli9lZERlhhYmxAc1sCkZdtKN5iBMukdV7zrmqX9xfVer2IpwTHcAJn4ME11OEOGtAEAo/wAq/w5jw7786H8zlrXXGKmSOYg/P1CzcolgA=</latexit>y
<latexit sha1_base64="Ru5TU8NIo1gJkCcGn8JI7LGzRws=">AAACA3icbVC7SgNBFL0bXzG+opY2g0GwCrviqwzYWEYwiZBdwuxkNhkyM7vMzIph2dJfsNXeTmz9EFu/xEmyhUk8cOFwzr2cywkTzrRx3W+ntLK6tr5R3qxsbe/s7lX3D9o6ThWhLRLzWD2EWFPOJG0ZZjh9SBTFIuS0E45uJn7nkSrNYnlvxgkNBB5IFjGCjZV8PxSZP8Qme8rzXrXm1t0p0DLxClKDAs1e9cfvxyQVVBrCsdZdz01MkGFlGOE0r/ippgkmIzygXUslFlQH2fTnHJ1YpY+iWNmRBk3VvxcZFlqPRWg3BTZDvehNxP+8bmqi6yBjMkkNlWQWFKUcmRhNCkB9pigxfGwJJorZXxEZYoWJsTXNpYQir9hSvMUKlkn7rO5d1i/uzmuNRlFPGY7gGE7BgytowC00oQUEEniBV3hznp1358P5nK2WnOLmEObgfP0CNbeYzA==</latexit>

x̂
<latexit sha1_base64="XeDVItwgdIXb6XUDa/EeXuuZ4ug=">AAAB+nicbVA9SwNBEJ2LXzF+RS1tFoNgFe7EqGXAxjKi+YDkCHubvcuS3b1jd08IZ36CrfZ2YuufsfWXuEmuMIkPBh7vzTAzL0g408Z1v53C2vrG5lZxu7Szu7d/UD48auk4VYQ2Scxj1QmwppxJ2jTMcNpJFMUi4LQdjG6nfvuJKs1i+WjGCfUFjiQLGcHGSg9RH/fLFbfqzoBWiZeTCuRo9Ms/vUFMUkGlIRxr3fXcxPgZVoYRTielXqppgskIR7RrqcSCaj+bnTpBZ1YZoDBWtqRBM/XvRIaF1mMR2E6BzVAve1PxP6+bmvDGz5hMUkMlmS8KU45MjKZ/owFTlBg+tgQTxeytiAyxwsTYdBa2BGJSsqF4yxGsktZF1buq1u4vK/V6Hk8RTuAUzsGDa6jDHTSgCQQieIFXeHOenXfnw/mctxacfOYYFuB8/QJ2jJRt</latexit>ga

<latexit sha1_base64="6pH63nADZC9y4VdP6YqRehCUBnI=">AAAB+nicbVA9SwNBEJ2LXzF+RS1tFoNgFe7EqGXAxjKi+YDkCHubvcuS3b1jd08IZ36CrfZ2YuufsfWXuEmuMIkPBh7vzTAzL0g408Z1v53C2vrG5lZxu7Szu7d/UD48auk4VYQ2Scxj1QmwppxJ2jTMcNpJFMUi4LQdjG6nfvuJKs1i+WjGCfUFjiQLGcHGSg9RX/fLFbfqzoBWiZeTCuRo9Ms/vUFMUkGlIRxr3fXcxPgZVoYRTielXqppgskIR7RrqcSCaj+bnTpBZ1YZoDBWtqRBM/XvRIaF1mMR2E6BzVAve1PxP6+bmvDGz5hMUkMlmS8KU45MjKZ/owFTlBg+tgQTxeytiAyxwsTYdBa2BGJSsqF4yxGsktZF1buq1u4vK/V6Hk8RTuAUzsGDa6jDHTSgCQQieIFXeHOenXfnw/mctxacfOYYFuB8/QKS9JR/</latexit>gs

<latexit sha1_base64="EQndytBmIwabxJag94+MLlUXfuI=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSy6cVnBPqAJYTKdtENnJmFmUgghX+AvuNW9O3HrV7j1S5y2WdjWAxcO59zLuZwwYVRpx/m2KmvrG5tb1e3azu7e/oF9eNRRcSoxaeOYxbIXIkUYFaStqWakl0iCeMhINxzfT/3uhEhFY/Gks4T4HA0FjShG2kiBbSdB7oU890ZI51lRFIFddxrODHCVuCWpgxKtwP7xBjFOOREaM6RU33US7edIaooZKWpeqkiC8BgNSd9QgThRfj77vIBnRhnAKJZmhIYz9e9FjrhSGQ/NJkd6pJa9qfif1091dOvnVCSpJgLPg6KUQR3DaQ1wQCXBmmWGICyp+RXiEZIIa1PWQkrIi5opxV2uYJV0LhrudePq8bLevCvrqYITcArOgQtuQBM8gBZoAwwm4AW8gjfr2Xq3PqzP+WrFKm+OwQKsr18rVZrv</latexit>pŷ

<latexit sha1_base64="B+ayJk6TmxFtqIP+LHXJREgpS3E="></latexit>

! "

Lattice Packings

• In NTC, the latent vector is rounded element-wise

  Equivalent to the integer lattice

  Not the most efficient in packing the space

Integer Lattice

[1] Lei, Eric, Hamed Hassani, and Shirin Saeedi Bidokhti. "Approaching Rate-Distortion Limits in Neural Compression with Lattice Transform Coding." ICLR. 2025
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<latexit sha1_base64="Ru5TU8NIo1gJkCcGn8JI7LGzRws=">AAACA3icbVC7SgNBFL0bXzG+opY2g0GwCrviqwzYWEYwiZBdwuxkNhkyM7vMzIph2dJfsNXeTmz9EFu/xEmyhUk8cOFwzr2cywkTzrRx3W+ntLK6tr5R3qxsbe/s7lX3D9o6ThWhLRLzWD2EWFPOJG0ZZjh9SBTFIuS0E45uJn7nkSrNYnlvxgkNBB5IFjGCjZV8PxSZP8Qme8rzXrXm1t0p0DLxClKDAs1e9cfvxyQVVBrCsdZdz01MkGFlGOE0r/ippgkmIzygXUslFlQH2fTnHJ1YpY+iWNmRBk3VvxcZFlqPRWg3BTZDvehNxP+8bmqi6yBjMkkNlWQWFKUcmRhNCkB9pigxfGwJJorZXxEZYoWJsTXNpYQir9hSvMUKlkn7rO5d1i/uzmuNRlFPGY7gGE7BgytowC00oQUEEniBV3hznp1358P5nK2WnOLmEObgfP0CNbeYzA==</latexit>

x̂
<latexit sha1_base64="XeDVItwgdIXb6XUDa/EeXuuZ4ug=">AAAB+nicbVA9SwNBEJ2LXzF+RS1tFoNgFe7EqGXAxjKi+YDkCHubvcuS3b1jd08IZ36CrfZ2YuufsfWXuEmuMIkPBh7vzTAzL0g408Z1v53C2vrG5lZxu7Szu7d/UD48auk4VYQ2Scxj1QmwppxJ2jTMcNpJFMUi4LQdjG6nfvuJKs1i+WjGCfUFjiQLGcHGSg9RH/fLFbfqzoBWiZeTCuRo9Ms/vUFMUkGlIRxr3fXcxPgZVoYRTielXqppgskIR7RrqcSCaj+bnTpBZ1YZoDBWtqRBM/XvRIaF1mMR2E6BzVAve1PxP6+bmvDGz5hMUkMlmS8KU45MjKZ/owFTlBg+tgQTxeytiAyxwsTYdBa2BGJSsqF4yxGsktZF1buq1u4vK/V6Hk8RTuAUzsGDa6jDHTSgCQQieIFXeHOenXfnw/mctxacfOYYFuB8/QJ2jJRt</latexit>ga

<latexit sha1_base64="6pH63nADZC9y4VdP6YqRehCUBnI=">AAAB+nicbVA9SwNBEJ2LXzF+RS1tFoNgFe7EqGXAxjKi+YDkCHubvcuS3b1jd08IZ36CrfZ2YuufsfWXuEmuMIkPBh7vzTAzL0g408Z1v53C2vrG5lZxu7Szu7d/UD48auk4VYQ2Scxj1QmwppxJ2jTMcNpJFMUi4LQdjG6nfvuJKs1i+WjGCfUFjiQLGcHGSg9RX/fLFbfqzoBWiZeTCuRo9Ms/vUFMUkGlIRxr3fXcxPgZVoYRTielXqppgskIR7RrqcSCaj+bnTpBZ1YZoDBWtqRBM/XvRIaF1mMR2E6BzVAve1PxP6+bmvDGz5hMUkMlmS8KU45MjKZ/owFTlBg+tgQTxeytiAyxwsTYdBa2BGJSsqF4yxGsktZF1buq1u4vK/V6Hk8RTuAUzsGDa6jDHTSgCQQieIFXeHOenXfnw/mctxacfOYYFuB8/QKS9JR/</latexit>gs

<latexit sha1_base64="EQndytBmIwabxJag94+MLlUXfuI=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSy6cVnBPqAJYTKdtENnJmFmUgghX+AvuNW9O3HrV7j1S5y2WdjWAxcO59zLuZwwYVRpx/m2KmvrG5tb1e3azu7e/oF9eNRRcSoxaeOYxbIXIkUYFaStqWakl0iCeMhINxzfT/3uhEhFY/Gks4T4HA0FjShG2kiBbSdB7oU890ZI51lRFIFddxrODHCVuCWpgxKtwP7xBjFOOREaM6RU33US7edIaooZKWpeqkiC8BgNSd9QgThRfj77vIBnRhnAKJZmhIYz9e9FjrhSGQ/NJkd6pJa9qfif1091dOvnVCSpJgLPg6KUQR3DaQ1wQCXBmmWGICyp+RXiEZIIa1PWQkrIi5opxV2uYJV0LhrudePq8bLevCvrqYITcArOgQtuQBM8gBZoAwwm4AW8gjfr2Xq3PqzP+WrFKm+OwQKsr18rVZrv</latexit>pŷ

<latexit sha1_base64="B+ayJk6TmxFtqIP+LHXJREgpS3E="></latexit>

! "

Lattice Packings

• In NTC, the latent vector is rounded element-wise

  Equivalent to the integer lattice

  Not the most efficient in packing the space

Integer Lattice Hexagonal Lattice              

[1] Lei, Eric, Hamed Hassani, and Shirin Saeedi Bidokhti. "Approaching Rate-Distortion Limits in Neural Compression with Lattice Transform Coding." ICLR. 2025
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<latexit sha1_base64="Ru5TU8NIo1gJkCcGn8JI7LGzRws=">AAACA3icbVC7SgNBFL0bXzG+opY2g0GwCrviqwzYWEYwiZBdwuxkNhkyM7vMzIph2dJfsNXeTmz9EFu/xEmyhUk8cOFwzr2cywkTzrRx3W+ntLK6tr5R3qxsbe/s7lX3D9o6ThWhLRLzWD2EWFPOJG0ZZjh9SBTFIuS0E45uJn7nkSrNYnlvxgkNBB5IFjGCjZV8PxSZP8Qme8rzXrXm1t0p0DLxClKDAs1e9cfvxyQVVBrCsdZdz01MkGFlGOE0r/ippgkmIzygXUslFlQH2fTnHJ1YpY+iWNmRBk3VvxcZFlqPRWg3BTZDvehNxP+8bmqi6yBjMkkNlWQWFKUcmRhNCkB9pigxfGwJJorZXxEZYoWJsTXNpYQir9hSvMUKlkn7rO5d1i/uzmuNRlFPGY7gGE7BgytowC00oQUEEniBV3hznp1358P5nK2WnOLmEObgfP0CNbeYzA==</latexit>

x̂
<latexit sha1_base64="XeDVItwgdIXb6XUDa/EeXuuZ4ug=">AAAB+nicbVA9SwNBEJ2LXzF+RS1tFoNgFe7EqGXAxjKi+YDkCHubvcuS3b1jd08IZ36CrfZ2YuufsfWXuEmuMIkPBh7vzTAzL0g408Z1v53C2vrG5lZxu7Szu7d/UD48auk4VYQ2Scxj1QmwppxJ2jTMcNpJFMUi4LQdjG6nfvuJKs1i+WjGCfUFjiQLGcHGSg9RH/fLFbfqzoBWiZeTCuRo9Ms/vUFMUkGlIRxr3fXcxPgZVoYRTielXqppgskIR7RrqcSCaj+bnTpBZ1YZoDBWtqRBM/XvRIaF1mMR2E6BzVAve1PxP6+bmvDGz5hMUkMlmS8KU45MjKZ/owFTlBg+tgQTxeytiAyxwsTYdBa2BGJSsqF4yxGsktZF1buq1u4vK/V6Hk8RTuAUzsGDa6jDHTSgCQQieIFXeHOenXfnw/mctxacfOYYFuB8/QJ2jJRt</latexit>ga

<latexit sha1_base64="6pH63nADZC9y4VdP6YqRehCUBnI=">AAAB+nicbVA9SwNBEJ2LXzF+RS1tFoNgFe7EqGXAxjKi+YDkCHubvcuS3b1jd08IZ36CrfZ2YuufsfWXuEmuMIkPBh7vzTAzL0g408Z1v53C2vrG5lZxu7Szu7d/UD48auk4VYQ2Scxj1QmwppxJ2jTMcNpJFMUi4LQdjG6nfvuJKs1i+WjGCfUFjiQLGcHGSg9RX/fLFbfqzoBWiZeTCuRo9Ms/vUFMUkGlIRxr3fXcxPgZVoYRTielXqppgskIR7RrqcSCaj+bnTpBZ1YZoDBWtqRBM/XvRIaF1mMR2E6BzVAve1PxP6+bmvDGz5hMUkMlmS8KU45MjKZ/owFTlBg+tgQTxeytiAyxwsTYdBa2BGJSsqF4yxGsktZF1buq1u4vK/V6Hk8RTuAUzsGDa6jDHTSgCQQieIFXeHOenXfnw/mctxacfOYYFuB8/QKS9JR/</latexit>gs

<latexit sha1_base64="EQndytBmIwabxJag94+MLlUXfuI=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSy6cVnBPqAJYTKdtENnJmFmUgghX+AvuNW9O3HrV7j1S5y2WdjWAxcO59zLuZwwYVRpx/m2KmvrG5tb1e3azu7e/oF9eNRRcSoxaeOYxbIXIkUYFaStqWakl0iCeMhINxzfT/3uhEhFY/Gks4T4HA0FjShG2kiBbSdB7oU890ZI51lRFIFddxrODHCVuCWpgxKtwP7xBjFOOREaM6RU33US7edIaooZKWpeqkiC8BgNSd9QgThRfj77vIBnRhnAKJZmhIYz9e9FjrhSGQ/NJkd6pJa9qfif1091dOvnVCSpJgLPg6KUQR3DaQ1wQCXBmmWGICyp+RXiEZIIa1PWQkrIi5opxV2uYJV0LhrudePq8bLevCvrqYITcArOgQtuQBM8gBZoAwwm4AW8gjfr2Xq3PqzP+WrFKm+OwQKsr18rVZrv</latexit>pŷ

<latexit sha1_base64="B+ayJk6TmxFtqIP+LHXJREgpS3E="></latexit>

! "

Lattice Packings

• In NTC, the latent vector is rounded element-wise

  Equivalent to the integer lattice

  Not the most efficient in packing the space

Integer Lattice Hexagonal Lattice              

•  fail to map square regions to 
hexagons

 Increasing depth/width does not help

ga, gs

Quantization Regions (2-d)
Optimal VQNTC

[1] Lei, Eric, Hamed Hassani, and Shirin Saeedi Bidokhti. "Approaching Rate-Distortion Limits in Neural Compression with Lattice Transform Coding." ICLR. 2025



Lattice Quantization in the Latent Space
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<latexit sha1_base64="Ru5TU8NIo1gJkCcGn8JI7LGzRws=">AAACA3icbVC7SgNBFL0bXzG+opY2g0GwCrviqwzYWEYwiZBdwuxkNhkyM7vMzIph2dJfsNXeTmz9EFu/xEmyhUk8cOFwzr2cywkTzrRx3W+ntLK6tr5R3qxsbe/s7lX3D9o6ThWhLRLzWD2EWFPOJG0ZZjh9SBTFIuS0E45uJn7nkSrNYnlvxgkNBB5IFjGCjZV8PxSZP8Qme8rzXrXm1t0p0DLxClKDAs1e9cfvxyQVVBrCsdZdz01MkGFlGOE0r/ippgkmIzygXUslFlQH2fTnHJ1YpY+iWNmRBk3VvxcZFlqPRWg3BTZDvehNxP+8bmqi6yBjMkkNlWQWFKUcmRhNCkB9pigxfGwJJorZXxEZYoWJsTXNpYQir9hSvMUKlkn7rO5d1i/uzmuNRlFPGY7gGE7BgytowC00oQUEEniBV3hznp1358P5nK2WnOLmEObgfP0CNbeYzA==</latexit>

x̂
<latexit sha1_base64="XeDVItwgdIXb6XUDa/EeXuuZ4ug=">AAAB+nicbVA9SwNBEJ2LXzF+RS1tFoNgFe7EqGXAxjKi+YDkCHubvcuS3b1jd08IZ36CrfZ2YuufsfWXuEmuMIkPBh7vzTAzL0g408Z1v53C2vrG5lZxu7Szu7d/UD48auk4VYQ2Scxj1QmwppxJ2jTMcNpJFMUi4LQdjG6nfvuJKs1i+WjGCfUFjiQLGcHGSg9RH/fLFbfqzoBWiZeTCuRo9Ms/vUFMUkGlIRxr3fXcxPgZVoYRTielXqppgskIR7RrqcSCaj+bnTpBZ1YZoDBWtqRBM/XvRIaF1mMR2E6BzVAve1PxP6+bmvDGz5hMUkMlmS8KU45MjKZ/owFTlBg+tgQTxeytiAyxwsTYdBa2BGJSsqF4yxGsktZF1buq1u4vK/V6Hk8RTuAUzsGDa6jDHTSgCQQieIFXeHOenXfnw/mctxacfOYYFuB8/QJ2jJRt</latexit>ga

<latexit sha1_base64="6pH63nADZC9y4VdP6YqRehCUBnI=">AAAB+nicbVA9SwNBEJ2LXzF+RS1tFoNgFe7EqGXAxjKi+YDkCHubvcuS3b1jd08IZ36CrfZ2YuufsfWXuEmuMIkPBh7vzTAzL0g408Z1v53C2vrG5lZxu7Szu7d/UD48auk4VYQ2Scxj1QmwppxJ2jTMcNpJFMUi4LQdjG6nfvuJKs1i+WjGCfUFjiQLGcHGSg9RX/fLFbfqzoBWiZeTCuRo9Ms/vUFMUkGlIRxr3fXcxPgZVoYRTielXqppgskIR7RrqcSCaj+bnTpBZ1YZoDBWtqRBM/XvRIaF1mMR2E6BzVAve1PxP6+bmvDGz5hMUkMlmS8KU45MjKZ/owFTlBg+tgQTxeytiAyxwsTYdBa2BGJSsqF4yxGsktZF1buq1u4vK/V6Hk8RTuAUzsGDa6jDHTSgCQQieIFXeHOenXfnw/mctxacfOYYFuB8/QKS9JR/</latexit>gs
<latexit sha1_base64="WlNg0LZYISV7EpDKi7x5XT6yAtw=">AAACAnicbVC7TsMwFHV4lvIqMLJYVEhMVYJ4jRUsDAytRB9SGlWO47RW/YhsB6mKsvELrLCzIVZ+hJUvwW0z0JYjWTo651zd6xMmjGrjut/Oyura+sZmaau8vbO7t185OGxrmSpMWlgyqboh0oRRQVqGGka6iSKIh4x0wtHdxO88EaWpFI9mnJCAo4GgMcXIWMlv9rPeg01HKO9Xqm7NnQIuE68gVVCg0a/89CKJU06EwQxp7XtuYoIMKUMxI3m5l2qSIDxCA+JbKhAnOsimJ+fw1CoRjKWyTxg4Vf9OZIhrPeahTXJkhnrRm4j/eX5q4psgoyJJDRF4tihOGTQSTv4PI6oINmxsCcKK2lshHiKFsLEtzW0JeV62pXiLFSyT9nnNu6pdNi+q9duinhI4BifgDHjgGtTBPWiAFsBAghfwCt6cZ+fd+XA+Z9EVp5g5AnNwvn4BnjCX3Q==</latexit>

Q!

<latexit sha1_base64="EQndytBmIwabxJag94+MLlUXfuI=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSy6cVnBPqAJYTKdtENnJmFmUgghX+AvuNW9O3HrV7j1S5y2WdjWAxcO59zLuZwwYVRpx/m2KmvrG5tb1e3azu7e/oF9eNRRcSoxaeOYxbIXIkUYFaStqWakl0iCeMhINxzfT/3uhEhFY/Gks4T4HA0FjShG2kiBbSdB7oU890ZI51lRFIFddxrODHCVuCWpgxKtwP7xBjFOOREaM6RU33US7edIaooZKWpeqkiC8BgNSd9QgThRfj77vIBnRhnAKJZmhIYz9e9FjrhSGQ/NJkd6pJa9qfif1091dOvnVCSpJgLPg6KUQR3DaQ1wQCXBmmWGICyp+RXiEZIIa1PWQkrIi5opxV2uYJV0LhrudePq8bLevCvrqYITcArOgQtuQBM8gBZoAwwm4AW8gjfr2Xq3PqzP+WrFKm+OwQKsr18rVZrv</latexit>pŷ

[1] Lei, Eric, Hamed Hassani, and Shirin Saeedi Bidokhti. "Approaching Rate-Distortion Limits in Neural Compression with Lattice Transform Coding." ICLR. 2025

<latexit sha1_base64="5T+JLAR9rLLfO6nwi5GqGx7dL5M=">AAACA3icbVDLSsNAFJ3UV62vqks3g0VwVRLxtSwI4rKCrYUmlMl02g6dmYSZGyGELP0Ft7p3J279ELd+idM2C9t64MLhnHs5lxPGghtw3W+ntLK6tr5R3qxsbe/s7lX3D9omSjRlLRqJSHdCYpjgirWAg2CdWDMiQ8Eew/HNxH98YtrwSD1AGrNAkqHiA04JWMn3RwQyP5RZmue9as2tu1PgZeIVpIYKNHvVH78f0UQyBVQQY7qeG0OQEQ2cCpZX/MSwmNAxGbKupYpIZoJs+nOOT6zSx4NI21GAp+rfi4xIY1IZ2k1JYGQWvYn4n9dNYHAdZFzFCTBFZ0GDRGCI8KQA3OeaURCpJYRqbn/FdEQ0oWBrmksJZV6xpXiLFSyT9lndu6xf3J/XGrdFPWV0hI7RKfLQFWqgO9RELURRjF7QK3pznp1358P5nK2WnOLmEM3B+foFOS2Y0w==</latexit>

ŷ



Lattice Quantization in the Latent Space
• Idea: Replace the integer rounding, with lattice quantization

<latexit sha1_base64="29gPawdhiPRT0kcblUrNKtOANpA=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8cI5gHJEmYns8mYmdllZlYMy+IveNW7N/Hqt3j1S5wkezCJBQ1FVTfdXUHMmTau++0UVlbX1jeKm6Wt7Z3dvfL+QVNHiSK0QSIeqXaANeVM0oZhhtN2rCgWAaetYHQz8VuPVGkWyXszjqkv8ECykBFsrNTsBiJ9ynrlilt1p0DLxMtJBXLUe+Wfbj8iiaDSEI617nhubPwUK8MIp1mpm2gaYzLCA9qxVGJBtZ9Or83QiVX6KIyULWnQVP07kWKh9VgEtlNgM9SL3kT8z+skJrz2UybjxFBJZovChCMTocnrqM8UJYaPLcFEMXsrIkOsMDE2oLktgchKNhRvMYJl0jyrepfVi7vzSq2Wx1OEIziGU/DgCmpwC3VoAIEHeIFXeHOenXfnw/mctRacfOYQ5uB8/QI1k5X/</latexit>x <latexit sha1_base64="uCHLFt+LYR0MMrjsb24kmnlXbOA=">AAAB/XicbVDLSsNAFL3xWeur6tLNYBFclUR8LQtuXFawD2hDmUwn7diZSZiZCCEEf8Gt7t2JW7/FrV/itM3Cth64cDjnXu69J4g508Z1v52V1bX1jc3SVnl7Z3dvv3Jw2NJRoghtkohHqhNgTTmTtGmY4bQTK4pFwGk7GN9O/PYTVZpF8sGkMfUFHkoWMoKNlVq9QGRp3q9U3Zo7BVomXkGqUKDRr/z0BhFJBJWGcKx113Nj42dYGUY4zcu9RNMYkzEe0q6lEguq/Wx6bY5OrTJAYaRsSYOm6t+JDAutUxHYToHNSC96E/E/r5uY8MbPmIwTQyWZLQoTjkyEJq+jAVOUGJ5agoli9lZERlhhYmxAc1sCkZdtKN5iBMukdV7zrmqX9xfVer2IpwTHcAJn4ME11OEOGtAEAo/wAq/w5jw7786H8zlrXXGKmSOYg/P1CzcolgA=</latexit>y
<latexit sha1_base64="Ru5TU8NIo1gJkCcGn8JI7LGzRws=">AAACA3icbVC7SgNBFL0bXzG+opY2g0GwCrviqwzYWEYwiZBdwuxkNhkyM7vMzIph2dJfsNXeTmz9EFu/xEmyhUk8cOFwzr2cywkTzrRx3W+ntLK6tr5R3qxsbe/s7lX3D9o6ThWhLRLzWD2EWFPOJG0ZZjh9SBTFIuS0E45uJn7nkSrNYnlvxgkNBB5IFjGCjZV8PxSZP8Qme8rzXrXm1t0p0DLxClKDAs1e9cfvxyQVVBrCsdZdz01MkGFlGOE0r/ippgkmIzygXUslFlQH2fTnHJ1YpY+iWNmRBk3VvxcZFlqPRWg3BTZDvehNxP+8bmqi6yBjMkkNlWQWFKUcmRhNCkB9pigxfGwJJorZXxEZYoWJsTXNpYQir9hSvMUKlkn7rO5d1i/uzmuNRlFPGY7gGE7BgytowC00oQUEEniBV3hznp1358P5nK2WnOLmEObgfP0CNbeYzA==</latexit>

x̂
<latexit sha1_base64="XeDVItwgdIXb6XUDa/EeXuuZ4ug=">AAAB+nicbVA9SwNBEJ2LXzF+RS1tFoNgFe7EqGXAxjKi+YDkCHubvcuS3b1jd08IZ36CrfZ2YuufsfWXuEmuMIkPBh7vzTAzL0g408Z1v53C2vrG5lZxu7Szu7d/UD48auk4VYQ2Scxj1QmwppxJ2jTMcNpJFMUi4LQdjG6nfvuJKs1i+WjGCfUFjiQLGcHGSg9RH/fLFbfqzoBWiZeTCuRo9Ms/vUFMUkGlIRxr3fXcxPgZVoYRTielXqppgskIR7RrqcSCaj+bnTpBZ1YZoDBWtqRBM/XvRIaF1mMR2E6BzVAve1PxP6+bmvDGz5hMUkMlmS8KU45MjKZ/owFTlBg+tgQTxeytiAyxwsTYdBa2BGJSsqF4yxGsktZF1buq1u4vK/V6Hk8RTuAUzsGDa6jDHTSgCQQieIFXeHOenXfnw/mctxacfOYYFuB8/QJ2jJRt</latexit>ga

<latexit sha1_base64="6pH63nADZC9y4VdP6YqRehCUBnI=">AAAB+nicbVA9SwNBEJ2LXzF+RS1tFoNgFe7EqGXAxjKi+YDkCHubvcuS3b1jd08IZ36CrfZ2YuufsfWXuEmuMIkPBh7vzTAzL0g408Z1v53C2vrG5lZxu7Szu7d/UD48auk4VYQ2Scxj1QmwppxJ2jTMcNpJFMUi4LQdjG6nfvuJKs1i+WjGCfUFjiQLGcHGSg9RX/fLFbfqzoBWiZeTCuRo9Ms/vUFMUkGlIRxr3fXcxPgZVoYRTielXqppgskIR7RrqcSCaj+bnTpBZ1YZoDBWtqRBM/XvRIaF1mMR2E6BzVAve1PxP6+bmvDGz5hMUkMlmS8KU45MjKZ/owFTlBg+tgQTxeytiAyxwsTYdBa2BGJSsqF4yxGsktZF1buq1u4vK/V6Hk8RTuAUzsGDa6jDHTSgCQQieIFXeHOenXfnw/mctxacfOYYFuB8/QKS9JR/</latexit>gs
<latexit sha1_base64="WlNg0LZYISV7EpDKi7x5XT6yAtw=">AAACAnicbVC7TsMwFHV4lvIqMLJYVEhMVYJ4jRUsDAytRB9SGlWO47RW/YhsB6mKsvELrLCzIVZ+hJUvwW0z0JYjWTo651zd6xMmjGrjut/Oyura+sZmaau8vbO7t185OGxrmSpMWlgyqboh0oRRQVqGGka6iSKIh4x0wtHdxO88EaWpFI9mnJCAo4GgMcXIWMlv9rPeg01HKO9Xqm7NnQIuE68gVVCg0a/89CKJU06EwQxp7XtuYoIMKUMxI3m5l2qSIDxCA+JbKhAnOsimJ+fw1CoRjKWyTxg4Vf9OZIhrPeahTXJkhnrRm4j/eX5q4psgoyJJDRF4tihOGTQSTv4PI6oINmxsCcKK2lshHiKFsLEtzW0JeV62pXiLFSyT9nnNu6pdNi+q9duinhI4BifgDHjgGtTBPWiAFsBAghfwCt6cZ+fd+XA+Z9EVp5g5AnNwvn4BnjCX3Q==</latexit>

Q!

<latexit sha1_base64="EQndytBmIwabxJag94+MLlUXfuI=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSy6cVnBPqAJYTKdtENnJmFmUgghX+AvuNW9O3HrV7j1S5y2WdjWAxcO59zLuZwwYVRpx/m2KmvrG5tb1e3azu7e/oF9eNRRcSoxaeOYxbIXIkUYFaStqWakl0iCeMhINxzfT/3uhEhFY/Gks4T4HA0FjShG2kiBbSdB7oU890ZI51lRFIFddxrODHCVuCWpgxKtwP7xBjFOOREaM6RU33US7edIaooZKWpeqkiC8BgNSd9QgThRfj77vIBnRhnAKJZmhIYz9e9FjrhSGQ/NJkd6pJa9qfif1091dOvnVCSpJgLPg6KUQR3DaQ1wQCXBmmWGICyp+RXiEZIIa1PWQkrIi5opxV2uYJV0LhrudePq8bLevCvrqYITcArOgQtuQBM8gBZoAwwm4AW8gjfr2Xq3PqzP+WrFKm+OwQKsr18rVZrv</latexit>pŷ

[1] Lei, Eric, Hamed Hassani, and Shirin Saeedi Bidokhti. "Approaching Rate-Distortion Limits in Neural Compression with Lattice Transform Coding." ICLR. 2025

<latexit sha1_base64="5T+JLAR9rLLfO6nwi5GqGx7dL5M=">AAACA3icbVDLSsNAFJ3UV62vqks3g0VwVRLxtSwI4rKCrYUmlMl02g6dmYSZGyGELP0Ft7p3J279ELd+idM2C9t64MLhnHs5lxPGghtw3W+ntLK6tr5R3qxsbe/s7lX3D9omSjRlLRqJSHdCYpjgirWAg2CdWDMiQ8Eew/HNxH98YtrwSD1AGrNAkqHiA04JWMn3RwQyP5RZmue9as2tu1PgZeIVpIYKNHvVH78f0UQyBVQQY7qeG0OQEQ2cCpZX/MSwmNAxGbKupYpIZoJs+nOOT6zSx4NI21GAp+rfi4xIY1IZ2k1JYGQWvYn4n9dNYHAdZFzFCTBFZ0GDRGCI8KQA3OeaURCpJYRqbn/FdEQ0oWBrmksJZV6xpXiLFSyT9lndu6xf3J/XGrdFPWV0hI7RKfLQFWqgO9RELURRjF7QK3pznp1358P5nK2WnOLmEM3B+foFOS2Y0w==</latexit>

ŷ



Lattice Quantization in the Latent Space
• Idea: Replace the integer rounding, with lattice quantization

• Connection to companding results [Gersho 1979; Bucklew 
1981; Bucklew 1983; Linder-Zamir-Zeger 1999]

Compressor ExpanderUniform 
Q

<latexit sha1_base64="29gPawdhiPRT0kcblUrNKtOANpA=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8cI5gHJEmYns8mYmdllZlYMy+IveNW7N/Hqt3j1S5wkezCJBQ1FVTfdXUHMmTau++0UVlbX1jeKm6Wt7Z3dvfL+QVNHiSK0QSIeqXaANeVM0oZhhtN2rCgWAaetYHQz8VuPVGkWyXszjqkv8ECykBFsrNTsBiJ9ynrlilt1p0DLxMtJBXLUe+Wfbj8iiaDSEI617nhubPwUK8MIp1mpm2gaYzLCA9qxVGJBtZ9Or83QiVX6KIyULWnQVP07kWKh9VgEtlNgM9SL3kT8z+skJrz2UybjxFBJZovChCMTocnrqM8UJYaPLcFEMXsrIkOsMDE2oLktgchKNhRvMYJl0jyrepfVi7vzSq2Wx1OEIziGU/DgCmpwC3VoAIEHeIFXeHOenXfnw/mctRacfOYQ5uB8/QI1k5X/</latexit>x <latexit sha1_base64="uCHLFt+LYR0MMrjsb24kmnlXbOA=">AAAB/XicbVDLSsNAFL3xWeur6tLNYBFclUR8LQtuXFawD2hDmUwn7diZSZiZCCEEf8Gt7t2JW7/FrV/itM3Cth64cDjnXu69J4g508Z1v52V1bX1jc3SVnl7Z3dvv3Jw2NJRoghtkohHqhNgTTmTtGmY4bQTK4pFwGk7GN9O/PYTVZpF8sGkMfUFHkoWMoKNlVq9QGRp3q9U3Zo7BVomXkGqUKDRr/z0BhFJBJWGcKx113Nj42dYGUY4zcu9RNMYkzEe0q6lEguq/Wx6bY5OrTJAYaRsSYOm6t+JDAutUxHYToHNSC96E/E/r5uY8MbPmIwTQyWZLQoTjkyEJq+jAVOUGJ5agoli9lZERlhhYmxAc1sCkZdtKN5iBMukdV7zrmqX9xfVer2IpwTHcAJn4ME11OEOGtAEAo/wAq/w5jw7786H8zlrXXGKmSOYg/P1CzcolgA=</latexit>y
<latexit sha1_base64="Ru5TU8NIo1gJkCcGn8JI7LGzRws=">AAACA3icbVC7SgNBFL0bXzG+opY2g0GwCrviqwzYWEYwiZBdwuxkNhkyM7vMzIph2dJfsNXeTmz9EFu/xEmyhUk8cOFwzr2cywkTzrRx3W+ntLK6tr5R3qxsbe/s7lX3D9o6ThWhLRLzWD2EWFPOJG0ZZjh9SBTFIuS0E45uJn7nkSrNYnlvxgkNBB5IFjGCjZV8PxSZP8Qme8rzXrXm1t0p0DLxClKDAs1e9cfvxyQVVBrCsdZdz01MkGFlGOE0r/ippgkmIzygXUslFlQH2fTnHJ1YpY+iWNmRBk3VvxcZFlqPRWg3BTZDvehNxP+8bmqi6yBjMkkNlWQWFKUcmRhNCkB9pigxfGwJJorZXxEZYoWJsTXNpYQir9hSvMUKlkn7rO5d1i/uzmuNRlFPGY7gGE7BgytowC00oQUEEniBV3hznp1358P5nK2WnOLmEObgfP0CNbeYzA==</latexit>

x̂
<latexit sha1_base64="XeDVItwgdIXb6XUDa/EeXuuZ4ug=">AAAB+nicbVA9SwNBEJ2LXzF+RS1tFoNgFe7EqGXAxjKi+YDkCHubvcuS3b1jd08IZ36CrfZ2YuufsfWXuEmuMIkPBh7vzTAzL0g408Z1v53C2vrG5lZxu7Szu7d/UD48auk4VYQ2Scxj1QmwppxJ2jTMcNpJFMUi4LQdjG6nfvuJKs1i+WjGCfUFjiQLGcHGSg9RH/fLFbfqzoBWiZeTCuRo9Ms/vUFMUkGlIRxr3fXcxPgZVoYRTielXqppgskIR7RrqcSCaj+bnTpBZ1YZoDBWtqRBM/XvRIaF1mMR2E6BzVAve1PxP6+bmvDGz5hMUkMlmS8KU45MjKZ/owFTlBg+tgQTxeytiAyxwsTYdBa2BGJSsqF4yxGsktZF1buq1u4vK/V6Hk8RTuAUzsGDa6jDHTSgCQQieIFXeHOenXfnw/mctxacfOYYFuB8/QJ2jJRt</latexit>ga

<latexit sha1_base64="6pH63nADZC9y4VdP6YqRehCUBnI=">AAAB+nicbVA9SwNBEJ2LXzF+RS1tFoNgFe7EqGXAxjKi+YDkCHubvcuS3b1jd08IZ36CrfZ2YuufsfWXuEmuMIkPBh7vzTAzL0g408Z1v53C2vrG5lZxu7Szu7d/UD48auk4VYQ2Scxj1QmwppxJ2jTMcNpJFMUi4LQdjG6nfvuJKs1i+WjGCfUFjiQLGcHGSg9RX/fLFbfqzoBWiZeTCuRo9Ms/vUFMUkGlIRxr3fXcxPgZVoYRTielXqppgskIR7RrqcSCaj+bnTpBZ1YZoDBWtqRBM/XvRIaF1mMR2E6BzVAve1PxP6+bmvDGz5hMUkMlmS8KU45MjKZ/owFTlBg+tgQTxeytiAyxwsTYdBa2BGJSsqF4yxGsktZF1buq1u4vK/V6Hk8RTuAUzsGDa6jDHTSgCQQieIFXeHOenXfnw/mctxacfOYYFuB8/QKS9JR/</latexit>gs
<latexit sha1_base64="WlNg0LZYISV7EpDKi7x5XT6yAtw=">AAACAnicbVC7TsMwFHV4lvIqMLJYVEhMVYJ4jRUsDAytRB9SGlWO47RW/YhsB6mKsvELrLCzIVZ+hJUvwW0z0JYjWTo651zd6xMmjGrjut/Oyura+sZmaau8vbO7t185OGxrmSpMWlgyqboh0oRRQVqGGka6iSKIh4x0wtHdxO88EaWpFI9mnJCAo4GgMcXIWMlv9rPeg01HKO9Xqm7NnQIuE68gVVCg0a/89CKJU06EwQxp7XtuYoIMKUMxI3m5l2qSIDxCA+JbKhAnOsimJ+fw1CoRjKWyTxg4Vf9OZIhrPeahTXJkhnrRm4j/eX5q4psgoyJJDRF4tihOGTQSTv4PI6oINmxsCcKK2lshHiKFsLEtzW0JeV62pXiLFSyT9nnNu6pdNi+q9duinhI4BifgDHjgGtTBPWiAFsBAghfwCt6cZ+fd+XA+Z9EVp5g5AnNwvn4BnjCX3Q==</latexit>

Q!

<latexit sha1_base64="EQndytBmIwabxJag94+MLlUXfuI=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSy6cVnBPqAJYTKdtENnJmFmUgghX+AvuNW9O3HrV7j1S5y2WdjWAxcO59zLuZwwYVRpx/m2KmvrG5tb1e3azu7e/oF9eNRRcSoxaeOYxbIXIkUYFaStqWakl0iCeMhINxzfT/3uhEhFY/Gks4T4HA0FjShG2kiBbSdB7oU890ZI51lRFIFddxrODHCVuCWpgxKtwP7xBjFOOREaM6RU33US7edIaooZKWpeqkiC8BgNSd9QgThRfj77vIBnRhnAKJZmhIYz9e9FjrhSGQ/NJkd6pJa9qfif1091dOvnVCSpJgLPg6KUQR3DaQ1wQCXBmmWGICyp+RXiEZIIa1PWQkrIi5opxV2uYJV0LhrudePq8bLevCvrqYITcArOgQtuQBM8gBZoAwwm4AW8gjfr2Xq3PqzP+WrFKm+OwQKsr18rVZrv</latexit>pŷ

[1] Lei, Eric, Hamed Hassani, and Shirin Saeedi Bidokhti. "Approaching Rate-Distortion Limits in Neural Compression with Lattice Transform Coding." ICLR. 2025

• Asymptotically RD- optimal for Gaussian sources

<latexit sha1_base64="5T+JLAR9rLLfO6nwi5GqGx7dL5M=">AAACA3icbVDLSsNAFJ3UV62vqks3g0VwVRLxtSwI4rKCrYUmlMl02g6dmYSZGyGELP0Ft7p3J279ELd+idM2C9t64MLhnHs5lxPGghtw3W+ntLK6tr5R3qxsbe/s7lX3D9omSjRlLRqJSHdCYpjgirWAg2CdWDMiQ8Eew/HNxH98YtrwSD1AGrNAkqHiA04JWMn3RwQyP5RZmue9as2tu1PgZeIVpIYKNHvVH78f0UQyBVQQY7qeG0OQEQ2cCpZX/MSwmNAxGbKupYpIZoJs+nOOT6zSx4NI21GAp+rfi4xIY1IZ2k1JYGQWvYn4n9dNYHAdZFzFCTBFZ0GDRGCI8KQA3OeaURCpJYRqbn/FdEQ0oWBrmksJZV6xpXiLFSyT9lndu6xf3J/XGrdFPWV0hI7RKfLQFWqgO9RELURRjF7QK3pznp1358P5nK2WnOLmEM3B+foFOS2Y0w==</latexit>

ŷ



Lattice Transform Coding
• Lattice Transform Coding (LTC)


• Transform  to  


•  is lattice-quantized to 


•  is encoded under model  (also learned)


• Reconstruction  is transformed from 


• Objective: 


• Using lattices requires new methods to optimizing the objective…

<latexit sha1_base64="sW7z8K5/u00VqTFFNHzlH4d9brE=">AAAB/XicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQwI4jGCeUCyhNnJbDJmZnaZmRXDsvgLXvXuTbz6LV79EifJHkxiQUNR1U13VxBzpo3rfjtLyyura+uFjeLm1vbObmlvv6GjRBFaJxGPVCvAmnImad0ww2krVhSLgNNmMLwe+81HqjSL5L0ZxdQXuC9ZyAg2Vmp0ApE+Zd1S2a24E6BF4uWkDDlq3dJPpxeRRFBpCMdatz03Nn6KlWGE06zYSTSNMRniPm1bKrGg2k8n12bo2Co9FEbKljRoov6dSLHQeiQC2ymwGeh5byz+57UTE175KZNxYqgk00VhwpGJ0Ph11GOKEsNHlmCimL0VkQFWmBgb0MyWQGRFG4o3H8EiaZxWvIvK+d1ZuXqTx1OAQziCE/DgEqpwCzWoA4EHeIFXeHOenXfnw/mcti45+cwBzMD5+gU3YZYF</latexit>x
<latexit sha1_base64="2YpG6A/3zFuKBvdiLS/ZWjz+Qds=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2NAEI8RzAOSJcxOJsmYmdllZlZYlsVf8Kp3b+LVb/HqlzhJ9mASCxqKqm66u4KIM21c99sprKyurW8UN0tb2zu7e+X9g6YOY0Vog4Q8VO0Aa8qZpA3DDKftSFEsAk5bwfhm4reeqNIslA8miagv8FCyASPYWKnZDUSaZL1yxa26U6Bl4uWkAjnqvfJPtx+SWFBpCMdadzw3Mn6KlWGE06zUjTWNMBnjIe1YKrGg2k+n12boxCp9NAiVLWnQVP07kWKhdSIC2ymwGelFbyL+53ViM7j2Uyaj2FBJZosGMUcmRJPXUZ8pSgxPLMFEMXsrIiOsMDE2oLktgchKNhRvMYJl0jyrepfVi/vzSu02j6cIR3AMp+DBFdTgDurQAAKP8AKv8OY8O+/Oh/M5ay04+cwhzMH5+gU49pYG</latexit>y

<latexit sha1_base64="2YpG6A/3zFuKBvdiLS/ZWjz+Qds=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2NAEI8RzAOSJcxOJsmYmdllZlZYlsVf8Kp3b+LVb/HqlzhJ9mASCxqKqm66u4KIM21c99sprKyurW8UN0tb2zu7e+X9g6YOY0Vog4Q8VO0Aa8qZpA3DDKftSFEsAk5bwfhm4reeqNIslA8miagv8FCyASPYWKnZDUSaZL1yxa26U6Bl4uWkAjnqvfJPtx+SWFBpCMdadzw3Mn6KlWGE06zUjTWNMBnjIe1YKrGg2k+n12boxCp9NAiVLWnQVP07kWKhdSIC2ymwGelFbyL+53ViM7j2Uyaj2FBJZosGMUcmRJPXUZ8pSgxPLMFEMXsrIiOsMDE2oLktgchKNhRvMYJl0jyrepfVi/vzSu02j6cIR3AMp+DBFdTgDurQAAKP8AKv8OY8O+/Oh/M5ay04+cwhzMH5+gU49pYG</latexit>y
<latexit sha1_base64="5T+JLAR9rLLfO6nwi5GqGx7dL5M=">AAACA3icbVDLSsNAFJ3UV62vqks3g0VwVRLxtSwI4rKCrYUmlMl02g6dmYSZGyGELP0Ft7p3J279ELd+idM2C9t64MLhnHs5lxPGghtw3W+ntLK6tr5R3qxsbe/s7lX3D9omSjRlLRqJSHdCYpjgirWAg2CdWDMiQ8Eew/HNxH98YtrwSD1AGrNAkqHiA04JWMn3RwQyP5RZmue9as2tu1PgZeIVpIYKNHvVH78f0UQyBVQQY7qeG0OQEQ2cCpZX/MSwmNAxGbKupYpIZoJs+nOOT6zSx4NI21GAp+rfi4xIY1IZ2k1JYGQWvYn4n9dNYHAdZFzFCTBFZ0GDRGCI8KQA3OeaURCpJYRqbn/FdEQ0oWBrmksJZV6xpXiLFSyT9lndu6xf3J/XGrdFPWV0hI7RKfLQFWqgO9RELURRjF7QK3pznp1358P5nK2WnOLmEM3B+foFOS2Y0w==</latexit>

ŷ
<latexit sha1_base64="5T+JLAR9rLLfO6nwi5GqGx7dL5M=">AAACA3icbVDLSsNAFJ3UV62vqks3g0VwVRLxtSwI4rKCrYUmlMl02g6dmYSZGyGELP0Ft7p3J279ELd+idM2C9t64MLhnHs5lxPGghtw3W+ntLK6tr5R3qxsbe/s7lX3D9omSjRlLRqJSHdCYpjgirWAg2CdWDMiQ8Eew/HNxH98YtrwSD1AGrNAkqHiA04JWMn3RwQyP5RZmue9as2tu1PgZeIVpIYKNHvVH78f0UQyBVQQY7qeG0OQEQ2cCpZX/MSwmNAxGbKupYpIZoJs+nOOT6zSx4NI21GAp+rfi4xIY1IZ2k1JYGQWvYn4n9dNYHAdZFzFCTBFZ0GDRGCI8KQA3OeaURCpJYRqbn/FdEQ0oWBrmksJZV6xpXiLFSyT9lndu6xf3J/XGrdFPWV0hI7RKfLQFWqgO9RELURRjF7QK3pznp1358P5nK2WnOLmEM3B+foFOS2Y0w==</latexit>

ŷ <latexit sha1_base64="dL6M85qQLz+4qSk24rST/u2/6Q0=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSwI4rKCfUATwmQ6aYfOTMLMpBBCvsBfcKt7d+LWr3Drlzhts7CtBy4czrmXczlhwqjSjvNtVdbWNza3qtu1nd29/QP78Kij4lRi0sYxi2UvRIowKkhbU81IL5EE8ZCRbji+m/rdCZGKxuJJZwnxORoKGlGMtJEC206C3BshnXshz7OiKAK77jScGeAqcUtSByVagf3jDWKcciI0Zkipvusk2s+R1BQzUtS8VJEE4TEakr6hAnGi/Hz2eQHPjDKAUSzNCA1n6t+LHHGlMh6aTY70SC17U/E/r5/q6NbPqUhSTQSeB0UpgzqG0xrggEqCNcsMQVhS8yvEIyQR1qashZSQFzVTirtcwSrpXDTc68bV42W9eV/WUwUn4BScAxfcgCZ4AC3QBhhMwAt4BW/Ws/VufVif89WKVd4cgwVYX78sm5rz</latexit>pŷ

<latexit sha1_base64="aULIGahwlefrv7VvvK8W6GYqpjY=">AAACA3icbVC7SgNBFL0bXzG+opY2g0GwCrviqwwIYhnBPCC7hNnJJBkyM7vMzIph2dJfsNXeTmz9EFu/xEmyhUk8cOFwzr2cywljzrRx3W+nsLK6tr5R3Cxtbe/s7pX3D5o6ShShDRLxSLVDrClnkjYMM5y2Y0WxCDlthaObid96pEqzSD6YcUwDgQeS9RnBxkq+P8Qm9UORPmVZt1xxq+4UaJl4OalAjnq3/OP3IpIIKg3hWOuO58YmSLEyjHCalfxE0xiTER7QjqUSC6qDdPpzhk6s0kP9SNmRBk3VvxcpFlqPRWg3BTZDvehNxP+8TmL610HKZJwYKsksqJ9wZCI0KQD1mKLE8LElmChmf0VkiBUmxtY0lxKKrGRL8RYrWCbNs6p3Wb24P6/UbvN6inAEx3AKHlxBDe6gDg0gEMMLvMKb8+y8Ox/O52y14OQ3hzAH5+sXN5eY0g==</latexit>

x̂
<latexit sha1_base64="5T+JLAR9rLLfO6nwi5GqGx7dL5M=">AAACA3icbVDLSsNAFJ3UV62vqks3g0VwVRLxtSwI4rKCrYUmlMl02g6dmYSZGyGELP0Ft7p3J279ELd+idM2C9t64MLhnHs5lxPGghtw3W+ntLK6tr5R3qxsbe/s7lX3D9omSjRlLRqJSHdCYpjgirWAg2CdWDMiQ8Eew/HNxH98YtrwSD1AGrNAkqHiA04JWMn3RwQyP5RZmue9as2tu1PgZeIVpIYKNHvVH78f0UQyBVQQY7qeG0OQEQ2cCpZX/MSwmNAxGbKupYpIZoJs+nOOT6zSx4NI21GAp+rfi4xIY1IZ2k1JYGQWvYn4n9dNYHAdZFzFCTBFZ0GDRGCI8KQA3OeaURCpJYRqbn/FdEQ0oWBrmksJZV6xpXiLFSyT9lndu6xf3J/XGrdFPWV0hI7RKfLQFWqgO9RELURRjF7QK3pznp1358P5nK2WnOLmEM3B+foFOS2Y0w==</latexit>

ŷ
<latexit sha1_base64="29gPawdhiPRT0kcblUrNKtOANpA=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8cI5gHJEmYns8mYmdllZlYMy+IveNW7N/Hqt3j1S5wkezCJBQ1FVTfdXUHMmTau++0UVlbX1jeKm6Wt7Z3dvfL+QVNHiSK0QSIeqXaANeVM0oZhhtN2rCgWAaetYHQz8VuPVGkWyXszjqkv8ECykBFsrNTsBiJ9ynrlilt1p0DLxMtJBXLUe+Wfbj8iiaDSEI617nhubPwUK8MIp1mpm2gaYzLCA9qxVGJBtZ9Or83QiVX6KIyULWnQVP07kWKh9VgEtlNgM9SL3kT8z+skJrz2UybjxFBJZovChCMTocnrqM8UJYaPLcFEMXsrIkOsMDE2oLktgchKNhRvMYJl0jyrepfVi7vzSq2Wx1OEIziGU/DgCmpwC3VoAIEHeIFXeHOenXfnw/mctRacfOYQ5uB8/QI1k5X/</latexit>x <latexit sha1_base64="uCHLFt+LYR0MMrjsb24kmnlXbOA=">AAAB/XicbVDLSsNAFL3xWeur6tLNYBFclUR8LQtuXFawD2hDmUwn7diZSZiZCCEEf8Gt7t2JW7/FrV/itM3Cth64cDjnXu69J4g508Z1v52V1bX1jc3SVnl7Z3dvv3Jw2NJRoghtkohHqhNgTTmTtGmY4bQTK4pFwGk7GN9O/PYTVZpF8sGkMfUFHkoWMoKNlVq9QGRp3q9U3Zo7BVomXkGqUKDRr/z0BhFJBJWGcKx113Nj42dYGUY4zcu9RNMYkzEe0q6lEguq/Wx6bY5OrTJAYaRsSYOm6t+JDAutUxHYToHNSC96E/E/r5uY8MbPmIwTQyWZLQoTjkyEJq+jAVOUGJ5agoli9lZERlhhYmxAc1sCkZdtKN5iBMukdV7zrmqX9xfVer2IpwTHcAJn4ME11OEOGtAEAo/wAq/w5jw7786H8zlrXXGKmSOYg/P1CzcolgA=</latexit>y

<latexit sha1_base64="Ru5TU8NIo1gJkCcGn8JI7LGzRws=">AAACA3icbVC7SgNBFL0bXzG+opY2g0GwCrviqwzYWEYwiZBdwuxkNhkyM7vMzIph2dJfsNXeTmz9EFu/xEmyhUk8cOFwzr2cywkTzrRx3W+ntLK6tr5R3qxsbe/s7lX3D9o6ThWhLRLzWD2EWFPOJG0ZZjh9SBTFIuS0E45uJn7nkSrNYnlvxgkNBB5IFjGCjZV8PxSZP8Qme8rzXrXm1t0p0DLxClKDAs1e9cfvxyQVVBrCsdZdz01MkGFlGOE0r/ippgkmIzygXUslFlQH2fTnHJ1YpY+iWNmRBk3VvxcZFlqPRWg3BTZDvehNxP+8bmqi6yBjMkkNlWQWFKUcmRhNCkB9pigxfGwJJorZXxEZYoWJsTXNpYQir9hSvMUKlkn7rO5d1i/uzmuNRlFPGY7gGE7BgytowC00oQUEEniBV3hznp1358P5nK2WnOLmEObgfP0CNbeYzA==</latexit>

x̂
<latexit sha1_base64="XeDVItwgdIXb6XUDa/EeXuuZ4ug=">AAAB+nicbVA9SwNBEJ2LXzF+RS1tFoNgFe7EqGXAxjKi+YDkCHubvcuS3b1jd08IZ36CrfZ2YuufsfWXuEmuMIkPBh7vzTAzL0g408Z1v53C2vrG5lZxu7Szu7d/UD48auk4VYQ2Scxj1QmwppxJ2jTMcNpJFMUi4LQdjG6nfvuJKs1i+WjGCfUFjiQLGcHGSg9RH/fLFbfqzoBWiZeTCuRo9Ms/vUFMUkGlIRxr3fXcxPgZVoYRTielXqppgskIR7RrqcSCaj+bnTpBZ1YZoDBWtqRBM/XvRIaF1mMR2E6BzVAve1PxP6+bmvDGz5hMUkMlmS8KU45MjKZ/owFTlBg+tgQTxeytiAyxwsTYdBa2BGJSsqF4yxGsktZF1buq1u4vK/V6Hk8RTuAUzsGDa6jDHTSgCQQieIFXeHOenXfnw/mctxacfOYYFuB8/QJ2jJRt</latexit>ga

<latexit sha1_base64="6pH63nADZC9y4VdP6YqRehCUBnI=">AAAB+nicbVA9SwNBEJ2LXzF+RS1tFoNgFe7EqGXAxjKi+YDkCHubvcuS3b1jd08IZ36CrfZ2YuufsfWXuEmuMIkPBh7vzTAzL0g408Z1v53C2vrG5lZxu7Szu7d/UD48auk4VYQ2Scxj1QmwppxJ2jTMcNpJFMUi4LQdjG6nfvuJKs1i+WjGCfUFjiQLGcHGSg9RX/fLFbfqzoBWiZeTCuRo9Ms/vUFMUkGlIRxr3fXcxPgZVoYRTielXqppgskIR7RrqcSCaj+bnTpBZ1YZoDBWtqRBM/XvRIaF1mMR2E6BzVAve1PxP6+bmvDGz5hMUkMlmS8KU45MjKZ/owFTlBg+tgQTxeytiAyxwsTYdBa2BGJSsqF4yxGsktZF1buq1u4vK/V6Hk8RTuAUzsGDa6jDHTSgCQQieIFXeHOenXfnw/mctxacfOYYFuB8/QKS9JR/</latexit>gs
<latexit sha1_base64="WlNg0LZYISV7EpDKi7x5XT6yAtw=">AAACAnicbVC7TsMwFHV4lvIqMLJYVEhMVYJ4jRUsDAytRB9SGlWO47RW/YhsB6mKsvELrLCzIVZ+hJUvwW0z0JYjWTo651zd6xMmjGrjut/Oyura+sZmaau8vbO7t185OGxrmSpMWlgyqboh0oRRQVqGGka6iSKIh4x0wtHdxO88EaWpFI9mnJCAo4GgMcXIWMlv9rPeg01HKO9Xqm7NnQIuE68gVVCg0a/89CKJU06EwQxp7XtuYoIMKUMxI3m5l2qSIDxCA+JbKhAnOsimJ+fw1CoRjKWyTxg4Vf9OZIhrPeahTXJkhnrRm4j/eX5q4psgoyJJDRF4tihOGTQSTv4PI6oINmxsCcKK2lshHiKFsLEtzW0JeV62pXiLFSyT9nnNu6pdNi+q9duinhI4BifgDHjgGtTBPWiAFsBAghfwCt6cZ+fd+XA+Z9EVp5g5AnNwvn4BnjCX3Q==</latexit>

Q!

<latexit sha1_base64="EQndytBmIwabxJag94+MLlUXfuI=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSy6cVnBPqAJYTKdtENnJmFmUgghX+AvuNW9O3HrV7j1S5y2WdjWAxcO59zLuZwwYVRpx/m2KmvrG5tb1e3azu7e/oF9eNRRcSoxaeOYxbIXIkUYFaStqWakl0iCeMhINxzfT/3uhEhFY/Gks4T4HA0FjShG2kiBbSdB7oU890ZI51lRFIFddxrODHCVuCWpgxKtwP7xBjFOOREaM6RU33US7edIaooZKWpeqkiC8BgNSd9QgThRfj77vIBnRhnAKJZmhIYz9e9FjrhSGQ/NJkd6pJa9qfif1091dOvnVCSpJgLPg6KUQR3DaQ1wQCXBmmWGICyp+RXiEZIIa1PWQkrIi5opxV2uYJV0LhrudePq8bLevCvrqYITcArOgQtuQBM8gBZoAwwm4AW8gjfr2Xq3PqzP+WrFKm+OwQKsr18rVZrv</latexit>pŷ

<latexit sha1_base64="5T+JLAR9rLLfO6nwi5GqGx7dL5M=">AAACA3icbVDLSsNAFJ3UV62vqks3g0VwVRLxtSwI4rKCrYUmlMl02g6dmYSZGyGELP0Ft7p3J279ELd+idM2C9t64MLhnHs5lxPGghtw3W+ntLK6tr5R3qxsbe/s7lX3D9omSjRlLRqJSHdCYpjgirWAg2CdWDMiQ8Eew/HNxH98YtrwSD1AGrNAkqHiA04JWMn3RwQyP5RZmue9as2tu1PgZeIVpIYKNHvVH78f0UQyBVQQY7qeG0OQEQ2cCpZX/MSwmNAxGbKupYpIZoJs+nOOT6zSx4NI21GAp+rfi4xIY1IZ2k1JYGQWvYn4n9dNYHAdZFzFCTBFZ0GDRGCI8KQA3OeaURCpJYRqbn/FdEQ0oWBrmksJZV6xpXiLFSyT9lndu6xf3J/XGrdFPWV0hI7RKfLQFWqgO9RELURRjF7QK3pznp1358P5nK2WnOLmEM3B+foFOS2Y0w==</latexit>

ŷ



Computing the Rate Term
• Objective:


• PMF on centers    defined by integrating PDF          over latent space:


• In NTC, lattice cell  is a square— easy to integrate

• For a lattice,  is no longer square— difficult to integrate!


• Instead, we integrate using Monte-Carlo: 

<latexit sha1_base64="lzxooMZzf082VFSB+fXH+L4TZWw=">AAACCHicbVDLSsNAFJ3UV62PRl26GSxC3ZREfC2LblxWsA9oQplMJ+3QmUmYmQgh5Af8Bbe6dydu/Qu3fonTNgvbeuDC4Zx7OZcTxIwq7TjfVmltfWNzq7xd2dnd26/aB4cdFSUSkzaOWCR7AVKEUUHammpGerEkiAeMdIPJ3dTvPhGpaCQedRoTn6ORoCHFSBtpYFc7dW+MdOYFPEvz/Gxg15yGMwNcJW5BaqBAa2D/eMMIJ5wIjRlSqu86sfYzJDXFjOQVL1EkRniCRqRvqECcKD+bPZ7DU6MMYRhJM0LDmfr3IkNcqZQHZpMjPVbL3lT8z+snOrzxMyriRBOB50FhwqCO4LQFOKSSYM1SQxCW1PwK8RhJhLXpaiEl4HnFlOIuV7BKOucN96px+XBRa94W9ZTBMTgBdeCCa9AE96AF2gCDBLyAV/BmPVvv1of1OV8tWcXNEViA9fULNFWZxQ==</latexit>

V (ŷ)
<latexit sha1_base64="lzxooMZzf082VFSB+fXH+L4TZWw=">AAACCHicbVDLSsNAFJ3UV62PRl26GSxC3ZREfC2LblxWsA9oQplMJ+3QmUmYmQgh5Af8Bbe6dydu/Qu3fonTNgvbeuDC4Zx7OZcTxIwq7TjfVmltfWNzq7xd2dnd26/aB4cdFSUSkzaOWCR7AVKEUUHammpGerEkiAeMdIPJ3dTvPhGpaCQedRoTn6ORoCHFSBtpYFc7dW+MdOYFPEvz/Gxg15yGMwNcJW5BaqBAa2D/eMMIJ5wIjRlSqu86sfYzJDXFjOQVL1EkRniCRqRvqECcKD+bPZ7DU6MMYRhJM0LDmfr3IkNcqZQHZpMjPVbL3lT8z+snOrzxMyriRBOB50FhwqCO4LQFOKSSYM1SQxCW1PwK8RhJhLXpaiEl4HnFlOIuV7BKOucN96px+XBRa94W9ZTBMTgBdeCCa9AE96AF2gCDBLyAV/BmPVvv1of1OV8tWcXNEViA9fULNFWZxQ==</latexit>

V (ŷ)
<latexit sha1_base64="sqwNLuyoCpbFSnBCCDf9+fhafRs="></latexit>

pŷ(ŷ) = Eu0⇠Unif(V (0))[py(ŷ + u0)]

<latexit sha1_base64="pfJL89Z17J8lcUrizR9nFOoKNEY="></latexit>

min
ga,gs,pŷ

Ex [� log pŷ(ŷ)] + � · Ex[d(x, x̂)]

̂y V( ̂y)
<latexit sha1_base64="HRPrG7QmwdM7td3ZLKoyzp2ypDM="></latexit>

pŷ(ŷ) =

∫

V (ŷ)
py(y)dy

<latexit sha1_base64="Qnq6FD5KBEt8RxIjdAxJgBH/p6Q="></latexit>

py(y)
<latexit sha1_base64="TkVeAQdsUuRE3nZUwx/isQLM4zk="></latexit>

ŷ



The Choice of the Lattice Λ
• Larger lattice dimension  —> improved packing 

efficiency

• Complexity— finding closest lattice vector


• Densest lattices for  with low complexity


•  Hexagonal lattice


• :  lattice


• :  (Gosset) lattice


• :  (Barnes-Wall) lattice


• :  (Leech) lattice

n

n ≤ 24
n = 2
n = 4 D*n
n = 8 E8

n = 16 Λ16

n = 24 Λ24

[Conway and Sloane, 1984]



LTC for i.i.d. Gaussian Source

• Source:


• Consider 


• LTC performs close to VQ


• Does not require exponential codebook search


• Approaches  lower bound

n = 2, 4, 8, 24

R(D)

<latexit sha1_base64="rygUv3R8WD4ZKReTmJoVIlFJ0jk="></latexit>

x = (x1, . . . ,xn), xi ⇠ N (0, 1)



Lattice 

quantize

Image Compression
• Apply lattices along “channel” dimension of 

latent tensor

• Apply lattices product-wise

• Outperforms VTM and recent VQ-based codecs


• Approaches Kodak  bound from [Yang and 
Mandt, 2022]

R(D)

Kodak evaluation dataset



So Far…

• Lattice transform coding (LTC), uses latent lattice quantization, and can recover VQ 
without exponential complexity 

• Toward RDP …

• Randomness

Lattice quantization



LTC with Shared Randomness: Dithering
• Random dither u from the lattice cell, shared between encoder/decoder 

• Dithered LQ applied in the latent space:
<latexit sha1_base64="Ru5TU8NIo1gJkCcGn8JI7LGzRws=">AAACA3icbVC7SgNBFL0bXzG+opY2g0GwCrviqwzYWEYwiZBdwuxkNhkyM7vMzIph2dJfsNXeTmz9EFu/xEmyhUk8cOFwzr2cywkTzrRx3W+ntLK6tr5R3qxsbe/s7lX3D9o6ThWhLRLzWD2EWFPOJG0ZZjh9SBTFIuS0E45uJn7nkSrNYnlvxgkNBB5IFjGCjZV8PxSZP8Qme8rzXrXm1t0p0DLxClKDAs1e9cfvxyQVVBrCsdZdz01MkGFlGOE0r/ippgkmIzygXUslFlQH2fTnHJ1YpY+iWNmRBk3VvxcZFlqPRWg3BTZDvehNxP+8bmqi6yBjMkkNlWQWFKUcmRhNCkB9pigxfGwJJorZXxEZYoWJsTXNpYQir9hSvMUKlkn7rO5d1i/uzmuNRlFPGY7gGE7BgytowC00oQUEEniBV3hznp1358P5nK2WnOLmEObgfP0CNbeYzA==</latexit>

x̂
<latexit sha1_base64="P9FDb3XAbsq9YhBV+thBn5t0xjc=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB0DXjwmYB6QhDA76U2GzOwuM7NCXPIFXvXuTbz6N179EifJHkxiQUNR1U13lx8Lro3rfju5tfWNza38dmFnd2//oHh41NBRohjWWSQi1fKpRsFDrBtuBLZihVT6Apv+6H7qN59QaR6Fj2YcY1fSQcgDzqixUu2iVyy5ZXcGskq8jJQgQ7VX/On0I5ZIDA0TVOu258amm1JlOBM4KXQSjTFlIzrAtqUhlai76ezQCTmzSp8EkbIVGjJT/06kVGo9lr7tlNQM9bI3Ff/z2okJ7ropD+PEYMjmi4JEEBOR6dekzxUyI8aWUKa4vZWwIVWUGZvNwhZfTgo2FG85glXSuCx7N+Xr2lWpUsniycMJnMI5eHALFXiAKtSBAcILvMKb8+y8Ox/O57w152Qzx7AA5+sXnaeTXQ==</latexit>

+

<latexit sha1_base64="5MU8RA707fDinyBSXCqUOKd2uMU=">AAAB/XicbVA9SwNBEJ2LXzF+RS1tFoNgFe7EqGXAxjKC+YDkCHubvWTN7t6xuyeE4/Av2GpvJ7b+Flt/iZvkCpP4YODx3gwz84KYM21c99sprK1vbG4Vt0s7u3v7B+XDo5aOEkVok0Q8Up0Aa8qZpE3DDKedWFEsAk7bwfh26refqNIskg9mElNf4KFkISPYWKnVC0SaZP1yxa26M6BV4uWkAjka/fJPbxCRRFBpCMdadz03Nn6KlWGE06zUSzSNMRnjIe1aKrGg2k9n12bozCoDFEbKljRopv6dSLHQeiIC2ymwGellbyr+53UTE974KZNxYqgk80VhwpGJ0PR1NGCKEsMnlmCimL0VkRFWmBgb0MKWQGQlG4q3HMEqaV1Uvatq7f6yUq/n8RThBE7hHDy4hjrcQQOaQOARXuAV3pxn5935cD7nrQUnnzmGBThfvzDUlfw=</latexit>u

<latexit sha1_base64="Jrd7yoK6b6A8HQ9FKUD55xbOq3o=">AAAB+HicbVDLTgJBEOzFF+IL9ehlIjHxItk1vo4kXjxCIo8ECJkdemHCzO5mZtYEN3yBV717M179G69+iQPsQcBKOqlUdae7y48F18Z1v53c2vrG5lZ+u7Czu7d/UDw8augoUQzrLBKRavlUo+Ah1g03AluxQip9gU1/dD/1m0+oNI/CRzOOsSvpIOQBZ9RYqXbRK5bcsjsDWSVeRkqQodor/nT6EUskhoYJqnXbc2PTTakynAmcFDqJxpiyER1g29KQStTddHbohJxZpU+CSNkKDZmpfydSKrUeS992SmqGetmbiv957cQEd92Uh3FiMGTzRUEiiInI9GvS5wqZEWNLKFPc3krYkCrKjM1mYYsvJwUbirccwSppXJa9m/J17apUqWTx5OEETuEcPLiFCjxAFerAAOEFXuHNeXbenQ/nc96ac7KZY1iA8/ULoM+TXw==</latexit>�<latexit sha1_base64="XeDVItwgdIXb6XUDa/EeXuuZ4ug=">AAAB+nicbVA9SwNBEJ2LXzF+RS1tFoNgFe7EqGXAxjKi+YDkCHubvcuS3b1jd08IZ36CrfZ2YuufsfWXuEmuMIkPBh7vzTAzL0g408Z1v53C2vrG5lZxu7Szu7d/UD48auk4VYQ2Scxj1QmwppxJ2jTMcNpJFMUi4LQdjG6nfvuJKs1i+WjGCfUFjiQLGcHGSg9RH/fLFbfqzoBWiZeTCuRo9Ms/vUFMUkGlIRxr3fXcxPgZVoYRTielXqppgskIR7RrqcSCaj+bnTpBZ1YZoDBWtqRBM/XvRIaF1mMR2E6BzVAve1PxP6+bmvDGz5hMUkMlmS8KU45MjKZ/owFTlBg+tgQTxeytiAyxwsTYdBa2BGJSsqF4yxGsktZF1buq1u4vK/V6Hk8RTuAUzsGDa6jDHTSgCQQieIFXeHOenXfnw/mctxacfOYYFuB8/QJ2jJRt</latexit>ga
<latexit sha1_base64="29gPawdhiPRT0kcblUrNKtOANpA=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8cI5gHJEmYns8mYmdllZlYMy+IveNW7N/Hqt3j1S5wkezCJBQ1FVTfdXUHMmTau++0UVlbX1jeKm6Wt7Z3dvfL+QVNHiSK0QSIeqXaANeVM0oZhhtN2rCgWAaetYHQz8VuPVGkWyXszjqkv8ECykBFsrNTsBiJ9ynrlilt1p0DLxMtJBXLUe+Wfbj8iiaDSEI617nhubPwUK8MIp1mpm2gaYzLCA9qxVGJBtZ9Or83QiVX6KIyULWnQVP07kWKh9VgEtlNgM9SL3kT8z+skJrz2UybjxFBJZovChCMTocnrqM8UJYaPLcFEMXsrIkOsMDE2oLktgchKNhRvMYJl0jyrepfVi7vzSq2Wx1OEIziGU/DgCmpwC3VoAIEHeIFXeHOenXfnw/mctRacfOYQ5uB8/QI1k5X/</latexit>x <latexit sha1_base64="uCHLFt+LYR0MMrjsb24kmnlXbOA=">AAAB/XicbVDLSsNAFL3xWeur6tLNYBFclUR8LQtuXFawD2hDmUwn7diZSZiZCCEEf8Gt7t2JW7/FrV/itM3Cth64cDjnXu69J4g508Z1v52V1bX1jc3SVnl7Z3dvv3Jw2NJRoghtkohHqhNgTTmTtGmY4bQTK4pFwGk7GN9O/PYTVZpF8sGkMfUFHkoWMoKNlVq9QGRp3q9U3Zo7BVomXkGqUKDRr/z0BhFJBJWGcKx113Nj42dYGUY4zcu9RNMYkzEe0q6lEguq/Wx6bY5OrTJAYaRsSYOm6t+JDAutUxHYToHNSC96E/E/r5uY8MbPmIwTQyWZLQoTjkyEJq+jAVOUGJ5agoli9lZERlhhYmxAc1sCkZdtKN5iBMukdV7zrmqX9xfVer2IpwTHcAJn4ME11OEOGtAEAo/wAq/w5jw7786H8zlrXXGKmSOYg/P1CzcolgA=</latexit>y

<latexit sha1_base64="WlNg0LZYISV7EpDKi7x5XT6yAtw=">AAACAnicbVC7TsMwFHV4lvIqMLJYVEhMVYJ4jRUsDAytRB9SGlWO47RW/YhsB6mKsvELrLCzIVZ+hJUvwW0z0JYjWTo651zd6xMmjGrjut/Oyura+sZmaau8vbO7t185OGxrmSpMWlgyqboh0oRRQVqGGka6iSKIh4x0wtHdxO88EaWpFI9mnJCAo4GgMcXIWMlv9rPeg01HKO9Xqm7NnQIuE68gVVCg0a/89CKJU06EwQxp7XtuYoIMKUMxI3m5l2qSIDxCA+JbKhAnOsimJ+fw1CoRjKWyTxg4Vf9OZIhrPeahTXJkhnrRm4j/eX5q4psgoyJJDRF4tihOGTQSTv4PI6oINmxsCcKK2lshHiKFsLEtzW0JeV62pXiLFSyT9nnNu6pdNi+q9duinhI4BifgDHjgGtTBPWiAFsBAghfwCt6cZ+fd+XA+Z9EVp5g5AnNwvn4BnjCX3Q==</latexit>

Q!
<latexit sha1_base64="6pH63nADZC9y4VdP6YqRehCUBnI=">AAAB+nicbVA9SwNBEJ2LXzF+RS1tFoNgFe7EqGXAxjKi+YDkCHubvcuS3b1jd08IZ36CrfZ2YuufsfWXuEmuMIkPBh7vzTAzL0g408Z1v53C2vrG5lZxu7Szu7d/UD48auk4VYQ2Scxj1QmwppxJ2jTMcNpJFMUi4LQdjG6nfvuJKs1i+WjGCfUFjiQLGcHGSg9RX/fLFbfqzoBWiZeTCuRo9Ms/vUFMUkGlIRxr3fXcxPgZVoYRTielXqppgskIR7RrqcSCaj+bnTpBZ1YZoDBWtqRBM/XvRIaF1mMR2E6BzVAve1PxP6+bmvDGz5hMUkMlmS8KU45MjKZ/owFTlBg+tgQTxeytiAyxwsTYdBa2BGJSsqF4yxGsktZF1buq1u4vK/V6Hk8RTuAUzsGDa6jDHTSgCQQieIFXeHOenXfnw/mctxacfOYYFuB8/QKS9JR/</latexit>gs

<latexit sha1_base64="x+RnenZrfON64Wxb2/3uB5rvFFo=">AAACAXicbVC7SgNBFL0bXzG+opY2g0GwCrviqwzaWEYwD0yWMDuZTYbMzC4zs0JYtvIXbLW3E1u/xNYvcZJsYRIPXDiccy/33hPEnGnjut9OYWV1bX2juFna2t7Z3SvvHzR1lChCGyTikWoHWFPOJG0YZjhtx4piEXDaCka3E7/1RJVmkXww45j6Ag8kCxnBxkqPcS/tBiIlWdYrV9yqOwVaJl5OKpCj3iv/dPsRSQSVhnCsdcdzY+OnWBlGOM1K3UTTGJMRHtCOpRILqv10enGGTqzSR2GkbEmDpurfiRQLrccisJ0Cm6Fe9Cbif14nMeG1nzIZJ4ZKMlsUJhyZCE3eR32mKDF8bAkmitlbERlihYmxIc1tCURWsqF4ixEsk+ZZ1busXtyfV2o3eTxFOIJjOAUPrqAGd1CHBhCQ8AKv8OY8O+/Oh/M5ay04+cwhzMH5+gWD/Jfb</latexit>pc

Shared-Dither LTC (SD-LTC)

<latexit sha1_base64="idhc7JLrz0JL1pLJKsszzfaOuGk="></latexit>

QΛ(y − u) + u



LTC with Shared Randomness: Dithering
• Random dither u from the lattice cell, shared between encoder/decoder 

• Dithered LQ applied in the latent space:
<latexit sha1_base64="Ru5TU8NIo1gJkCcGn8JI7LGzRws=">AAACA3icbVC7SgNBFL0bXzG+opY2g0GwCrviqwzYWEYwiZBdwuxkNhkyM7vMzIph2dJfsNXeTmz9EFu/xEmyhUk8cOFwzr2cywkTzrRx3W+ntLK6tr5R3qxsbe/s7lX3D9o6ThWhLRLzWD2EWFPOJG0ZZjh9SBTFIuS0E45uJn7nkSrNYnlvxgkNBB5IFjGCjZV8PxSZP8Qme8rzXrXm1t0p0DLxClKDAs1e9cfvxyQVVBrCsdZdz01MkGFlGOE0r/ippgkmIzygXUslFlQH2fTnHJ1YpY+iWNmRBk3VvxcZFlqPRWg3BTZDvehNxP+8bmqi6yBjMkkNlWQWFKUcmRhNCkB9pigxfGwJJorZXxEZYoWJsTXNpYQir9hSvMUKlkn7rO5d1i/uzmuNRlFPGY7gGE7BgytowC00oQUEEniBV3hznp1358P5nK2WnOLmEObgfP0CNbeYzA==</latexit>

x̂
<latexit sha1_base64="P9FDb3XAbsq9YhBV+thBn5t0xjc=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB0DXjwmYB6QhDA76U2GzOwuM7NCXPIFXvXuTbz6N179EifJHkxiQUNR1U13lx8Lro3rfju5tfWNza38dmFnd2//oHh41NBRohjWWSQi1fKpRsFDrBtuBLZihVT6Apv+6H7qN59QaR6Fj2YcY1fSQcgDzqixUu2iVyy5ZXcGskq8jJQgQ7VX/On0I5ZIDA0TVOu258amm1JlOBM4KXQSjTFlIzrAtqUhlai76ezQCTmzSp8EkbIVGjJT/06kVGo9lr7tlNQM9bI3Ff/z2okJ7ropD+PEYMjmi4JEEBOR6dekzxUyI8aWUKa4vZWwIVWUGZvNwhZfTgo2FG85glXSuCx7N+Xr2lWpUsniycMJnMI5eHALFXiAKtSBAcILvMKb8+y8Ox/O57w152Qzx7AA5+sXnaeTXQ==</latexit>

+

<latexit sha1_base64="5MU8RA707fDinyBSXCqUOKd2uMU=">AAAB/XicbVA9SwNBEJ2LXzF+RS1tFoNgFe7EqGXAxjKC+YDkCHubvWTN7t6xuyeE4/Av2GpvJ7b+Flt/iZvkCpP4YODx3gwz84KYM21c99sprK1vbG4Vt0s7u3v7B+XDo5aOEkVok0Q8Up0Aa8qZpE3DDKedWFEsAk7bwfh26refqNIskg9mElNf4KFkISPYWKnVC0SaZP1yxa26M6BV4uWkAjka/fJPbxCRRFBpCMdadz03Nn6KlWGE06zUSzSNMRnjIe1aKrGg2k9n12bozCoDFEbKljRopv6dSLHQeiIC2ymwGellbyr+53UTE974KZNxYqgk80VhwpGJ0PR1NGCKEsMnlmCimL0VkRFWmBgb0MKWQGQlG4q3HMEqaV1Uvatq7f6yUq/n8RThBE7hHDy4hjrcQQOaQOARXuAV3pxn5935cD7nrQUnnzmGBThfvzDUlfw=</latexit>u

<latexit sha1_base64="Jrd7yoK6b6A8HQ9FKUD55xbOq3o=">AAAB+HicbVDLTgJBEOzFF+IL9ehlIjHxItk1vo4kXjxCIo8ECJkdemHCzO5mZtYEN3yBV717M179G69+iQPsQcBKOqlUdae7y48F18Z1v53c2vrG5lZ+u7Czu7d/UDw8augoUQzrLBKRavlUo+Ah1g03AluxQip9gU1/dD/1m0+oNI/CRzOOsSvpIOQBZ9RYqXbRK5bcsjsDWSVeRkqQodor/nT6EUskhoYJqnXbc2PTTakynAmcFDqJxpiyER1g29KQStTddHbohJxZpU+CSNkKDZmpfydSKrUeS992SmqGetmbiv957cQEd92Uh3FiMGTzRUEiiInI9GvS5wqZEWNLKFPc3krYkCrKjM1mYYsvJwUbirccwSppXJa9m/J17apUqWTx5OEETuEcPLiFCjxAFerAAOEFXuHNeXbenQ/nc96ac7KZY1iA8/ULoM+TXw==</latexit>�<latexit sha1_base64="XeDVItwgdIXb6XUDa/EeXuuZ4ug=">AAAB+nicbVA9SwNBEJ2LXzF+RS1tFoNgFe7EqGXAxjKi+YDkCHubvcuS3b1jd08IZ36CrfZ2YuufsfWXuEmuMIkPBh7vzTAzL0g408Z1v53C2vrG5lZxu7Szu7d/UD48auk4VYQ2Scxj1QmwppxJ2jTMcNpJFMUi4LQdjG6nfvuJKs1i+WjGCfUFjiQLGcHGSg9RH/fLFbfqzoBWiZeTCuRo9Ms/vUFMUkGlIRxr3fXcxPgZVoYRTielXqppgskIR7RrqcSCaj+bnTpBZ1YZoDBWtqRBM/XvRIaF1mMR2E6BzVAve1PxP6+bmvDGz5hMUkMlmS8KU45MjKZ/owFTlBg+tgQTxeytiAyxwsTYdBa2BGJSsqF4yxGsktZF1buq1u4vK/V6Hk8RTuAUzsGDa6jDHTSgCQQieIFXeHOenXfnw/mctxacfOYYFuB8/QJ2jJRt</latexit>ga
<latexit sha1_base64="29gPawdhiPRT0kcblUrNKtOANpA=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8cI5gHJEmYns8mYmdllZlYMy+IveNW7N/Hqt3j1S5wkezCJBQ1FVTfdXUHMmTau++0UVlbX1jeKm6Wt7Z3dvfL+QVNHiSK0QSIeqXaANeVM0oZhhtN2rCgWAaetYHQz8VuPVGkWyXszjqkv8ECykBFsrNTsBiJ9ynrlilt1p0DLxMtJBXLUe+Wfbj8iiaDSEI617nhubPwUK8MIp1mpm2gaYzLCA9qxVGJBtZ9Or83QiVX6KIyULWnQVP07kWKh9VgEtlNgM9SL3kT8z+skJrz2UybjxFBJZovChCMTocnrqM8UJYaPLcFEMXsrIkOsMDE2oLktgchKNhRvMYJl0jyrepfVi7vzSq2Wx1OEIziGU/DgCmpwC3VoAIEHeIFXeHOenXfnw/mctRacfOYQ5uB8/QI1k5X/</latexit>x <latexit sha1_base64="uCHLFt+LYR0MMrjsb24kmnlXbOA=">AAAB/XicbVDLSsNAFL3xWeur6tLNYBFclUR8LQtuXFawD2hDmUwn7diZSZiZCCEEf8Gt7t2JW7/FrV/itM3Cth64cDjnXu69J4g508Z1v52V1bX1jc3SVnl7Z3dvv3Jw2NJRoghtkohHqhNgTTmTtGmY4bQTK4pFwGk7GN9O/PYTVZpF8sGkMfUFHkoWMoKNlVq9QGRp3q9U3Zo7BVomXkGqUKDRr/z0BhFJBJWGcKx113Nj42dYGUY4zcu9RNMYkzEe0q6lEguq/Wx6bY5OrTJAYaRsSYOm6t+JDAutUxHYToHNSC96E/E/r5uY8MbPmIwTQyWZLQoTjkyEJq+jAVOUGJ5agoli9lZERlhhYmxAc1sCkZdtKN5iBMukdV7zrmqX9xfVer2IpwTHcAJn4ME11OEOGtAEAo/wAq/w5jw7786H8zlrXXGKmSOYg/P1CzcolgA=</latexit>y

<latexit sha1_base64="WlNg0LZYISV7EpDKi7x5XT6yAtw=">AAACAnicbVC7TsMwFHV4lvIqMLJYVEhMVYJ4jRUsDAytRB9SGlWO47RW/YhsB6mKsvELrLCzIVZ+hJUvwW0z0JYjWTo651zd6xMmjGrjut/Oyura+sZmaau8vbO7t185OGxrmSpMWlgyqboh0oRRQVqGGka6iSKIh4x0wtHdxO88EaWpFI9mnJCAo4GgMcXIWMlv9rPeg01HKO9Xqm7NnQIuE68gVVCg0a/89CKJU06EwQxp7XtuYoIMKUMxI3m5l2qSIDxCA+JbKhAnOsimJ+fw1CoRjKWyTxg4Vf9OZIhrPeahTXJkhnrRm4j/eX5q4psgoyJJDRF4tihOGTQSTv4PI6oINmxsCcKK2lshHiKFsLEtzW0JeV62pXiLFSyT9nnNu6pdNi+q9duinhI4BifgDHjgGtTBPWiAFsBAghfwCt6cZ+fd+XA+Z9EVp5g5AnNwvn4BnjCX3Q==</latexit>

Q!
<latexit sha1_base64="6pH63nADZC9y4VdP6YqRehCUBnI=">AAAB+nicbVA9SwNBEJ2LXzF+RS1tFoNgFe7EqGXAxjKi+YDkCHubvcuS3b1jd08IZ36CrfZ2YuufsfWXuEmuMIkPBh7vzTAzL0g408Z1v53C2vrG5lZxu7Szu7d/UD48auk4VYQ2Scxj1QmwppxJ2jTMcNpJFMUi4LQdjG6nfvuJKs1i+WjGCfUFjiQLGcHGSg9RX/fLFbfqzoBWiZeTCuRo9Ms/vUFMUkGlIRxr3fXcxPgZVoYRTielXqppgskIR7RrqcSCaj+bnTpBZ1YZoDBWtqRBM/XvRIaF1mMR2E6BzVAve1PxP6+bmvDGz5hMUkMlmS8KU45MjKZ/owFTlBg+tgQTxeytiAyxwsTYdBa2BGJSsqF4yxGsktZF1buq1u4vK/V6Hk8RTuAUzsGDa6jDHTSgCQQieIFXeHOenXfnw/mctxacfOYYFuB8/QKS9JR/</latexit>gs

<latexit sha1_base64="x+RnenZrfON64Wxb2/3uB5rvFFo=">AAACAXicbVC7SgNBFL0bXzG+opY2g0GwCrviqwzaWEYwD0yWMDuZTYbMzC4zs0JYtvIXbLW3E1u/xNYvcZJsYRIPXDiccy/33hPEnGnjut9OYWV1bX2juFna2t7Z3SvvHzR1lChCGyTikWoHWFPOJG0YZjhtx4piEXDaCka3E7/1RJVmkXww45j6Ag8kCxnBxkqPcS/tBiIlWdYrV9yqOwVaJl5OKpCj3iv/dPsRSQSVhnCsdcdzY+OnWBlGOM1K3UTTGJMRHtCOpRILqv10enGGTqzSR2GkbEmDpurfiRQLrccisJ0Cm6Fe9Cbif14nMeG1nzIZJ4ZKMlsUJhyZCE3eR32mKDF8bAkmitlbERlihYmxIc1tCURWsqF4ixEsk+ZZ1busXtyfV2o3eTxFOIJjOAUPrqAGd1CHBhCQ8AKv8OY8O+/Oh/M5ay04+cwhzMH5+gWD/Jfb</latexit>pc

Shared-Dither LTC (SD-LTC)

<latexit sha1_base64="idhc7JLrz0JL1pLJKsszzfaOuGk="></latexit>

QΛ(y − u) + u

• Lattices become sphere-like in high dimensions


• Latent dithered LQ (                           ) acts like AWGN 
channel [Zamir&Feder ’96]

<latexit sha1_base64="idhc7JLrz0JL1pLJKsszzfaOuGk="></latexit>

QΛ(y − u) + u



LTC with Shared Randomness: Dithering
• Random dither u from the lattice cell, shared between encoder/decoder 

• Dithered LQ applied in the latent space:
<latexit sha1_base64="Ru5TU8NIo1gJkCcGn8JI7LGzRws=">AAACA3icbVC7SgNBFL0bXzG+opY2g0GwCrviqwzYWEYwiZBdwuxkNhkyM7vMzIph2dJfsNXeTmz9EFu/xEmyhUk8cOFwzr2cywkTzrRx3W+ntLK6tr5R3qxsbe/s7lX3D9o6ThWhLRLzWD2EWFPOJG0ZZjh9SBTFIuS0E45uJn7nkSrNYnlvxgkNBB5IFjGCjZV8PxSZP8Qme8rzXrXm1t0p0DLxClKDAs1e9cfvxyQVVBrCsdZdz01MkGFlGOE0r/ippgkmIzygXUslFlQH2fTnHJ1YpY+iWNmRBk3VvxcZFlqPRWg3BTZDvehNxP+8bmqi6yBjMkkNlWQWFKUcmRhNCkB9pigxfGwJJorZXxEZYoWJsTXNpYQir9hSvMUKlkn7rO5d1i/uzmuNRlFPGY7gGE7BgytowC00oQUEEniBV3hznp1358P5nK2WnOLmEObgfP0CNbeYzA==</latexit>

x̂
<latexit sha1_base64="P9FDb3XAbsq9YhBV+thBn5t0xjc=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB0DXjwmYB6QhDA76U2GzOwuM7NCXPIFXvXuTbz6N179EifJHkxiQUNR1U13lx8Lro3rfju5tfWNza38dmFnd2//oHh41NBRohjWWSQi1fKpRsFDrBtuBLZihVT6Apv+6H7qN59QaR6Fj2YcY1fSQcgDzqixUu2iVyy5ZXcGskq8jJQgQ7VX/On0I5ZIDA0TVOu258amm1JlOBM4KXQSjTFlIzrAtqUhlai76ezQCTmzSp8EkbIVGjJT/06kVGo9lr7tlNQM9bI3Ff/z2okJ7ropD+PEYMjmi4JEEBOR6dekzxUyI8aWUKa4vZWwIVWUGZvNwhZfTgo2FG85glXSuCx7N+Xr2lWpUsniycMJnMI5eHALFXiAKtSBAcILvMKb8+y8Ox/O57w152Qzx7AA5+sXnaeTXQ==</latexit>

+

<latexit sha1_base64="5MU8RA707fDinyBSXCqUOKd2uMU=">AAAB/XicbVA9SwNBEJ2LXzF+RS1tFoNgFe7EqGXAxjKC+YDkCHubvWTN7t6xuyeE4/Av2GpvJ7b+Flt/iZvkCpP4YODx3gwz84KYM21c99sprK1vbG4Vt0s7u3v7B+XDo5aOEkVok0Q8Up0Aa8qZpE3DDKedWFEsAk7bwfh26refqNIskg9mElNf4KFkISPYWKnVC0SaZP1yxa26M6BV4uWkAjka/fJPbxCRRFBpCMdadz03Nn6KlWGE06zUSzSNMRnjIe1aKrGg2k9n12bozCoDFEbKljRopv6dSLHQeiIC2ymwGellbyr+53UTE974KZNxYqgk80VhwpGJ0PR1NGCKEsMnlmCimL0VkRFWmBgb0MKWQGQlG4q3HMEqaV1Uvatq7f6yUq/n8RThBE7hHDy4hjrcQQOaQOARXuAV3pxn5935cD7nrQUnnzmGBThfvzDUlfw=</latexit>u

<latexit sha1_base64="Jrd7yoK6b6A8HQ9FKUD55xbOq3o=">AAAB+HicbVDLTgJBEOzFF+IL9ehlIjHxItk1vo4kXjxCIo8ECJkdemHCzO5mZtYEN3yBV717M179G69+iQPsQcBKOqlUdae7y48F18Z1v53c2vrG5lZ+u7Czu7d/UDw8augoUQzrLBKRavlUo+Ah1g03AluxQip9gU1/dD/1m0+oNI/CRzOOsSvpIOQBZ9RYqXbRK5bcsjsDWSVeRkqQodor/nT6EUskhoYJqnXbc2PTTakynAmcFDqJxpiyER1g29KQStTddHbohJxZpU+CSNkKDZmpfydSKrUeS992SmqGetmbiv957cQEd92Uh3FiMGTzRUEiiInI9GvS5wqZEWNLKFPc3krYkCrKjM1mYYsvJwUbirccwSppXJa9m/J17apUqWTx5OEETuEcPLiFCjxAFerAAOEFXuHNeXbenQ/nc96ac7KZY1iA8/ULoM+TXw==</latexit>�<latexit sha1_base64="XeDVItwgdIXb6XUDa/EeXuuZ4ug=">AAAB+nicbVA9SwNBEJ2LXzF+RS1tFoNgFe7EqGXAxjKi+YDkCHubvcuS3b1jd08IZ36CrfZ2YuufsfWXuEmuMIkPBh7vzTAzL0g408Z1v53C2vrG5lZxu7Szu7d/UD48auk4VYQ2Scxj1QmwppxJ2jTMcNpJFMUi4LQdjG6nfvuJKs1i+WjGCfUFjiQLGcHGSg9RH/fLFbfqzoBWiZeTCuRo9Ms/vUFMUkGlIRxr3fXcxPgZVoYRTielXqppgskIR7RrqcSCaj+bnTpBZ1YZoDBWtqRBM/XvRIaF1mMR2E6BzVAve1PxP6+bmvDGz5hMUkMlmS8KU45MjKZ/owFTlBg+tgQTxeytiAyxwsTYdBa2BGJSsqF4yxGsktZF1buq1u4vK/V6Hk8RTuAUzsGDa6jDHTSgCQQieIFXeHOenXfnw/mctxacfOYYFuB8/QJ2jJRt</latexit>ga
<latexit sha1_base64="29gPawdhiPRT0kcblUrNKtOANpA=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8cI5gHJEmYns8mYmdllZlYMy+IveNW7N/Hqt3j1S5wkezCJBQ1FVTfdXUHMmTau++0UVlbX1jeKm6Wt7Z3dvfL+QVNHiSK0QSIeqXaANeVM0oZhhtN2rCgWAaetYHQz8VuPVGkWyXszjqkv8ECykBFsrNTsBiJ9ynrlilt1p0DLxMtJBXLUe+Wfbj8iiaDSEI617nhubPwUK8MIp1mpm2gaYzLCA9qxVGJBtZ9Or83QiVX6KIyULWnQVP07kWKh9VgEtlNgM9SL3kT8z+skJrz2UybjxFBJZovChCMTocnrqM8UJYaPLcFEMXsrIkOsMDE2oLktgchKNhRvMYJl0jyrepfVi7vzSq2Wx1OEIziGU/DgCmpwC3VoAIEHeIFXeHOenXfnw/mctRacfOYQ5uB8/QI1k5X/</latexit>x <latexit sha1_base64="uCHLFt+LYR0MMrjsb24kmnlXbOA=">AAAB/XicbVDLSsNAFL3xWeur6tLNYBFclUR8LQtuXFawD2hDmUwn7diZSZiZCCEEf8Gt7t2JW7/FrV/itM3Cth64cDjnXu69J4g508Z1v52V1bX1jc3SVnl7Z3dvv3Jw2NJRoghtkohHqhNgTTmTtGmY4bQTK4pFwGk7GN9O/PYTVZpF8sGkMfUFHkoWMoKNlVq9QGRp3q9U3Zo7BVomXkGqUKDRr/z0BhFJBJWGcKx113Nj42dYGUY4zcu9RNMYkzEe0q6lEguq/Wx6bY5OrTJAYaRsSYOm6t+JDAutUxHYToHNSC96E/E/r5uY8MbPmIwTQyWZLQoTjkyEJq+jAVOUGJ5agoli9lZERlhhYmxAc1sCkZdtKN5iBMukdV7zrmqX9xfVer2IpwTHcAJn4ME11OEOGtAEAo/wAq/w5jw7786H8zlrXXGKmSOYg/P1CzcolgA=</latexit>y

<latexit sha1_base64="WlNg0LZYISV7EpDKi7x5XT6yAtw=">AAACAnicbVC7TsMwFHV4lvIqMLJYVEhMVYJ4jRUsDAytRB9SGlWO47RW/YhsB6mKsvELrLCzIVZ+hJUvwW0z0JYjWTo651zd6xMmjGrjut/Oyura+sZmaau8vbO7t185OGxrmSpMWlgyqboh0oRRQVqGGka6iSKIh4x0wtHdxO88EaWpFI9mnJCAo4GgMcXIWMlv9rPeg01HKO9Xqm7NnQIuE68gVVCg0a/89CKJU06EwQxp7XtuYoIMKUMxI3m5l2qSIDxCA+JbKhAnOsimJ+fw1CoRjKWyTxg4Vf9OZIhrPeahTXJkhnrRm4j/eX5q4psgoyJJDRF4tihOGTQSTv4PI6oINmxsCcKK2lshHiKFsLEtzW0JeV62pXiLFSyT9nnNu6pdNi+q9duinhI4BifgDHjgGtTBPWiAFsBAghfwCt6cZ+fd+XA+Z9EVp5g5AnNwvn4BnjCX3Q==</latexit>

Q!
<latexit sha1_base64="6pH63nADZC9y4VdP6YqRehCUBnI=">AAAB+nicbVA9SwNBEJ2LXzF+RS1tFoNgFe7EqGXAxjKi+YDkCHubvcuS3b1jd08IZ36CrfZ2YuufsfWXuEmuMIkPBh7vzTAzL0g408Z1v53C2vrG5lZxu7Szu7d/UD48auk4VYQ2Scxj1QmwppxJ2jTMcNpJFMUi4LQdjG6nfvuJKs1i+WjGCfUFjiQLGcHGSg9RX/fLFbfqzoBWiZeTCuRo9Ms/vUFMUkGlIRxr3fXcxPgZVoYRTielXqppgskIR7RrqcSCaj+bnTpBZ1YZoDBWtqRBM/XvRIaF1mMR2E6BzVAve1PxP6+bmvDGz5hMUkMlmS8KU45MjKZ/owFTlBg+tgQTxeytiAyxwsTYdBa2BGJSsqF4yxGsktZF1buq1u4vK/V6Hk8RTuAUzsGDa6jDHTSgCQQieIFXeHOenXfnw/mctxacfOYYFuB8/QKS9JR/</latexit>gs

<latexit sha1_base64="x+RnenZrfON64Wxb2/3uB5rvFFo=">AAACAXicbVC7SgNBFL0bXzG+opY2g0GwCrviqwzaWEYwD0yWMDuZTYbMzC4zs0JYtvIXbLW3E1u/xNYvcZJsYRIPXDiccy/33hPEnGnjut9OYWV1bX2juFna2t7Z3SvvHzR1lChCGyTikWoHWFPOJG0YZjhtx4piEXDaCka3E7/1RJVmkXww45j6Ag8kCxnBxkqPcS/tBiIlWdYrV9yqOwVaJl5OKpCj3iv/dPsRSQSVhnCsdcdzY+OnWBlGOM1K3UTTGJMRHtCOpRILqv10enGGTqzSR2GkbEmDpurfiRQLrccisJ0Cm6Fe9Cbif14nMeG1nzIZJ4ZKMlsUJhyZCE3eR32mKDF8bAkmitlbERlihYmxIc1tCURWsqF4ixEsk+ZZ1busXtyfV2o3eTxFOIJjOAUPrqAGd1CHBhCQ8AKv8OY8O+/Oh/M5ay04+cwhzMH5+gWD/Jfb</latexit>pc

Shared-Dither LTC (SD-LTC)

<latexit sha1_base64="idhc7JLrz0JL1pLJKsszzfaOuGk="></latexit>

QΛ(y − u) + u

Theorem [Lei,Hassani,SB ’25]: Consider an iid 

Gaussian source, squared error distortion, and a 
Wasserstein of order 2 for perception measure. SD-
LTCs can asymptotically achieve R(D,P).

• Lattices become sphere-like in high dimensions


• Latent dithered LQ (                           ) acts like AWGN 
channel [Zamir&Feder ’96]

<latexit sha1_base64="idhc7JLrz0JL1pLJKsszzfaOuGk="></latexit>

QΛ(y − u) + u



LTC with No Shared Randomness
• SD-LTC requires infinite shared randomness


• Not always available


• What if there is no shared randomness



LTC with No Shared Randomness
• SD-LTC requires infinite shared randomness


• Not always available


• What if there is no shared randomness

<latexit sha1_base64="XVj/WlpqO5e4DQXEr6nPOYLclCQ="></latexit>

u ∼ Unif(V0)

<latexit sha1_base64="oYb3evYcJXwW+F2QfluM4Bt4NW8="></latexit>

QΛ(y) + su

<latexit sha1_base64="Ru5TU8NIo1gJkCcGn8JI7LGzRws=">AAACA3icbVC7SgNBFL0bXzG+opY2g0GwCrviqwzYWEYwiZBdwuxkNhkyM7vMzIph2dJfsNXeTmz9EFu/xEmyhUk8cOFwzr2cywkTzrRx3W+ntLK6tr5R3qxsbe/s7lX3D9o6ThWhLRLzWD2EWFPOJG0ZZjh9SBTFIuS0E45uJn7nkSrNYnlvxgkNBB5IFjGCjZV8PxSZP8Qme8rzXrXm1t0p0DLxClKDAs1e9cfvxyQVVBrCsdZdz01MkGFlGOE0r/ippgkmIzygXUslFlQH2fTnHJ1YpY+iWNmRBk3VvxcZFlqPRWg3BTZDvehNxP+8bmqi6yBjMkkNlWQWFKUcmRhNCkB9pigxfGwJJorZXxEZYoWJsTXNpYQir9hSvMUKlkn7rO5d1i/uzmuNRlFPGY7gGE7BgytowC00oQUEEniBV3hznp1358P5nK2WnOLmEObgfP0CNbeYzA==</latexit>

x̂

<latexit sha1_base64="EQndytBmIwabxJag94+MLlUXfuI=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSy6cVnBPqAJYTKdtENnJmFmUgghX+AvuNW9O3HrV7j1S5y2WdjWAxcO59zLuZwwYVRpx/m2KmvrG5tb1e3azu7e/oF9eNRRcSoxaeOYxbIXIkUYFaStqWakl0iCeMhINxzfT/3uhEhFY/Gks4T4HA0FjShG2kiBbSdB7oU890ZI51lRFIFddxrODHCVuCWpgxKtwP7xBjFOOREaM6RU33US7edIaooZKWpeqkiC8BgNSd9QgThRfj77vIBnRhnAKJZmhIYz9e9FjrhSGQ/NJkd6pJa9qfif1091dOvnVCSpJgLPg6KUQR3DaQ1wQCXBmmWGICyp+RXiEZIIa1PWQkrIi5opxV2uYJV0LhrudePq8bLevCvrqYITcArOgQtuQBM8gBZoAwwm4AW8gjfr2Xq3PqzP+WrFKm+OwQKsr18rVZrv</latexit>pŷ

<latexit sha1_base64="P9FDb3XAbsq9YhBV+thBn5t0xjc=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB0DXjwmYB6QhDA76U2GzOwuM7NCXPIFXvXuTbz6N179EifJHkxiQUNR1U13lx8Lro3rfju5tfWNza38dmFnd2//oHh41NBRohjWWSQi1fKpRsFDrBtuBLZihVT6Apv+6H7qN59QaR6Fj2YcY1fSQcgDzqixUu2iVyy5ZXcGskq8jJQgQ7VX/On0I5ZIDA0TVOu258amm1JlOBM4KXQSjTFlIzrAtqUhlai76ezQCTmzSp8EkbIVGjJT/06kVGo9lr7tlNQM9bI3Ff/z2okJ7ropD+PEYMjmi4JEEBOR6dekzxUyI8aWUKa4vZWwIVWUGZvNwhZfTgo2FG85glXSuCx7N+Xr2lWpUsniycMJnMI5eHALFXiAKtSBAcILvMKb8+y8Ox/O57w152Qzx7AA5+sXnaeTXQ==</latexit>

+
<latexit sha1_base64="XeDVItwgdIXb6XUDa/EeXuuZ4ug=">AAAB+nicbVA9SwNBEJ2LXzF+RS1tFoNgFe7EqGXAxjKi+YDkCHubvcuS3b1jd08IZ36CrfZ2YuufsfWXuEmuMIkPBh7vzTAzL0g408Z1v53C2vrG5lZxu7Szu7d/UD48auk4VYQ2Scxj1QmwppxJ2jTMcNpJFMUi4LQdjG6nfvuJKs1i+WjGCfUFjiQLGcHGSg9RH/fLFbfqzoBWiZeTCuRo9Ms/vUFMUkGlIRxr3fXcxPgZVoYRTielXqppgskIR7RrqcSCaj+bnTpBZ1YZoDBWtqRBM/XvRIaF1mMR2E6BzVAve1PxP6+bmvDGz5hMUkMlmS8KU45MjKZ/owFTlBg+tgQTxeytiAyxwsTYdBa2BGJSsqF4yxGsktZF1buq1u4vK/V6Hk8RTuAUzsGDa6jDHTSgCQQieIFXeHOenXfnw/mctxacfOYYFuB8/QJ2jJRt</latexit>ga

<latexit sha1_base64="29gPawdhiPRT0kcblUrNKtOANpA=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8cI5gHJEmYns8mYmdllZlYMy+IveNW7N/Hqt3j1S5wkezCJBQ1FVTfdXUHMmTau++0UVlbX1jeKm6Wt7Z3dvfL+QVNHiSK0QSIeqXaANeVM0oZhhtN2rCgWAaetYHQz8VuPVGkWyXszjqkv8ECykBFsrNTsBiJ9ynrlilt1p0DLxMtJBXLUe+Wfbj8iiaDSEI617nhubPwUK8MIp1mpm2gaYzLCA9qxVGJBtZ9Or83QiVX6KIyULWnQVP07kWKh9VgEtlNgM9SL3kT8z+skJrz2UybjxFBJZovChCMTocnrqM8UJYaPLcFEMXsrIkOsMDE2oLktgchKNhRvMYJl0jyrepfVi7vzSq2Wx1OEIziGU/DgCmpwC3VoAIEHeIFXeHOenXfnw/mctRacfOYQ5uB8/QI1k5X/</latexit>x <latexit sha1_base64="uCHLFt+LYR0MMrjsb24kmnlXbOA=">AAAB/XicbVDLSsNAFL3xWeur6tLNYBFclUR8LQtuXFawD2hDmUwn7diZSZiZCCEEf8Gt7t2JW7/FrV/itM3Cth64cDjnXu69J4g508Z1v52V1bX1jc3SVnl7Z3dvv3Jw2NJRoghtkohHqhNgTTmTtGmY4bQTK4pFwGk7GN9O/PYTVZpF8sGkMfUFHkoWMoKNlVq9QGRp3q9U3Zo7BVomXkGqUKDRr/z0BhFJBJWGcKx113Nj42dYGUY4zcu9RNMYkzEe0q6lEguq/Wx6bY5OrTJAYaRsSYOm6t+JDAutUxHYToHNSC96E/E/r5uY8MbPmIwTQyWZLQoTjkyEJq+jAVOUGJ5agoli9lZERlhhYmxAc1sCkZdtKN5iBMukdV7zrmqX9xfVer2IpwTHcAJn4ME11OEOGtAEAo/wAq/w5jw7786H8zlrXXGKmSOYg/P1CzcolgA=</latexit>y
<latexit sha1_base64="WlNg0LZYISV7EpDKi7x5XT6yAtw=">AAACAnicbVC7TsMwFHV4lvIqMLJYVEhMVYJ4jRUsDAytRB9SGlWO47RW/YhsB6mKsvELrLCzIVZ+hJUvwW0z0JYjWTo651zd6xMmjGrjut/Oyura+sZmaau8vbO7t185OGxrmSpMWlgyqboh0oRRQVqGGka6iSKIh4x0wtHdxO88EaWpFI9mnJCAo4GgMcXIWMlv9rPeg01HKO9Xqm7NnQIuE68gVVCg0a/89CKJU06EwQxp7XtuYoIMKUMxI3m5l2qSIDxCA+JbKhAnOsimJ+fw1CoRjKWyTxg4Vf9OZIhrPeahTXJkhnrRm4j/eX5q4psgoyJJDRF4tihOGTQSTv4PI6oINmxsCcKK2lshHiKFsLEtzW0JeV62pXiLFSyT9nnNu6pdNi+q9duinhI4BifgDHjgGtTBPWiAFsBAghfwCt6cZ+fd+XA+Z9EVp5g5AnNwvn4BnjCX3Q==</latexit>

Q!
<latexit sha1_base64="6pH63nADZC9y4VdP6YqRehCUBnI=">AAAB+nicbVA9SwNBEJ2LXzF+RS1tFoNgFe7EqGXAxjKi+YDkCHubvcuS3b1jd08IZ36CrfZ2YuufsfWXuEmuMIkPBh7vzTAzL0g408Z1v53C2vrG5lZxu7Szu7d/UD48auk4VYQ2Scxj1QmwppxJ2jTMcNpJFMUi4LQdjG6nfvuJKs1i+WjGCfUFjiQLGcHGSg9RX/fLFbfqzoBWiZeTCuRo9Ms/vUFMUkGlIRxr3fXcxPgZVoYRTielXqppgskIR7RrqcSCaj+bnTpBZ1YZoDBWtqRBM/XvRIaF1mMR2E6BzVAve1PxP6+bmvDGz5hMUkMlmS8KU45MjKZ/owFTlBg+tgQTxeytiAyxwsTYdBa2BGJSsqF4yxGsktZF1buq1u4vK/V6Hk8RTuAUzsGDa6jDHTSgCQQieIFXeHOenXfnw/mctxacfOYYFuB8/QKS9JR/</latexit>gs

<latexit sha1_base64="nIwU4oxmUp6eFGyEipBVZ4IKRo0="></latexit>su• Random dither                       at decoder only 

• Dither applied to quantized latent with scaling:

Private-Dither LTC (PD-LTC)



PD-LTC Achievability at P = 0
• Theorem: PD-LTCs can asymptotically 

achieve               for iid Gaussians (squared 
error Wasserstein of order 2 perception).

<latexit sha1_base64="Ru5TU8NIo1gJkCcGn8JI7LGzRws=">AAACA3icbVC7SgNBFL0bXzG+opY2g0GwCrviqwzYWEYwiZBdwuxkNhkyM7vMzIph2dJfsNXeTmz9EFu/xEmyhUk8cOFwzr2cywkTzrRx3W+ntLK6tr5R3qxsbe/s7lX3D9o6ThWhLRLzWD2EWFPOJG0ZZjh9SBTFIuS0E45uJn7nkSrNYnlvxgkNBB5IFjGCjZV8PxSZP8Qme8rzXrXm1t0p0DLxClKDAs1e9cfvxyQVVBrCsdZdz01MkGFlGOE0r/ippgkmIzygXUslFlQH2fTnHJ1YpY+iWNmRBk3VvxcZFlqPRWg3BTZDvehNxP+8bmqi6yBjMkkNlWQWFKUcmRhNCkB9pigxfGwJJorZXxEZYoWJsTXNpYQir9hSvMUKlkn7rO5d1i/uzmuNRlFPGY7gGE7BgytowC00oQUEEniBV3hznp1358P5nK2WnOLmEObgfP0CNbeYzA==</latexit>

x̂

<latexit sha1_base64="EQndytBmIwabxJag94+MLlUXfuI=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSy6cVnBPqAJYTKdtENnJmFmUgghX+AvuNW9O3HrV7j1S5y2WdjWAxcO59zLuZwwYVRpx/m2KmvrG5tb1e3azu7e/oF9eNRRcSoxaeOYxbIXIkUYFaStqWakl0iCeMhINxzfT/3uhEhFY/Gks4T4HA0FjShG2kiBbSdB7oU890ZI51lRFIFddxrODHCVuCWpgxKtwP7xBjFOOREaM6RU33US7edIaooZKWpeqkiC8BgNSd9QgThRfj77vIBnRhnAKJZmhIYz9e9FjrhSGQ/NJkd6pJa9qfif1091dOvnVCSpJgLPg6KUQR3DaQ1wQCXBmmWGICyp+RXiEZIIa1PWQkrIi5opxV2uYJV0LhrudePq8bLevCvrqYITcArOgQtuQBM8gBZoAwwm4AW8gjfr2Xq3PqzP+WrFKm+OwQKsr18rVZrv</latexit>pŷ

<latexit sha1_base64="P9FDb3XAbsq9YhBV+thBn5t0xjc=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB0DXjwmYB6QhDA76U2GzOwuM7NCXPIFXvXuTbz6N179EifJHkxiQUNR1U13lx8Lro3rfju5tfWNza38dmFnd2//oHh41NBRohjWWSQi1fKpRsFDrBtuBLZihVT6Apv+6H7qN59QaR6Fj2YcY1fSQcgDzqixUu2iVyy5ZXcGskq8jJQgQ7VX/On0I5ZIDA0TVOu258amm1JlOBM4KXQSjTFlIzrAtqUhlai76ezQCTmzSp8EkbIVGjJT/06kVGo9lr7tlNQM9bI3Ff/z2okJ7ropD+PEYMjmi4JEEBOR6dekzxUyI8aWUKa4vZWwIVWUGZvNwhZfTgo2FG85glXSuCx7N+Xr2lWpUsniycMJnMI5eHALFXiAKtSBAcILvMKb8+y8Ox/O57w152Qzx7AA5+sXnaeTXQ==</latexit>

+
<latexit sha1_base64="XeDVItwgdIXb6XUDa/EeXuuZ4ug=">AAAB+nicbVA9SwNBEJ2LXzF+RS1tFoNgFe7EqGXAxjKi+YDkCHubvcuS3b1jd08IZ36CrfZ2YuufsfWXuEmuMIkPBh7vzTAzL0g408Z1v53C2vrG5lZxu7Szu7d/UD48auk4VYQ2Scxj1QmwppxJ2jTMcNpJFMUi4LQdjG6nfvuJKs1i+WjGCfUFjiQLGcHGSg9RH/fLFbfqzoBWiZeTCuRo9Ms/vUFMUkGlIRxr3fXcxPgZVoYRTielXqppgskIR7RrqcSCaj+bnTpBZ1YZoDBWtqRBM/XvRIaF1mMR2E6BzVAve1PxP6+bmvDGz5hMUkMlmS8KU45MjKZ/owFTlBg+tgQTxeytiAyxwsTYdBa2BGJSsqF4yxGsktZF1buq1u4vK/V6Hk8RTuAUzsGDa6jDHTSgCQQieIFXeHOenXfnw/mctxacfOYYFuB8/QJ2jJRt</latexit>ga

<latexit sha1_base64="29gPawdhiPRT0kcblUrNKtOANpA=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8cI5gHJEmYns8mYmdllZlYMy+IveNW7N/Hqt3j1S5wkezCJBQ1FVTfdXUHMmTau++0UVlbX1jeKm6Wt7Z3dvfL+QVNHiSK0QSIeqXaANeVM0oZhhtN2rCgWAaetYHQz8VuPVGkWyXszjqkv8ECykBFsrNTsBiJ9ynrlilt1p0DLxMtJBXLUe+Wfbj8iiaDSEI617nhubPwUK8MIp1mpm2gaYzLCA9qxVGJBtZ9Or83QiVX6KIyULWnQVP07kWKh9VgEtlNgM9SL3kT8z+skJrz2UybjxFBJZovChCMTocnrqM8UJYaPLcFEMXsrIkOsMDE2oLktgchKNhRvMYJl0jyrepfVi7vzSq2Wx1OEIziGU/DgCmpwC3VoAIEHeIFXeHOenXfnw/mctRacfOYQ5uB8/QI1k5X/</latexit>x <latexit sha1_base64="uCHLFt+LYR0MMrjsb24kmnlXbOA=">AAAB/XicbVDLSsNAFL3xWeur6tLNYBFclUR8LQtuXFawD2hDmUwn7diZSZiZCCEEf8Gt7t2JW7/FrV/itM3Cth64cDjnXu69J4g508Z1v52V1bX1jc3SVnl7Z3dvv3Jw2NJRoghtkohHqhNgTTmTtGmY4bQTK4pFwGk7GN9O/PYTVZpF8sGkMfUFHkoWMoKNlVq9QGRp3q9U3Zo7BVomXkGqUKDRr/z0BhFJBJWGcKx113Nj42dYGUY4zcu9RNMYkzEe0q6lEguq/Wx6bY5OrTJAYaRsSYOm6t+JDAutUxHYToHNSC96E/E/r5uY8MbPmIwTQyWZLQoTjkyEJq+jAVOUGJ5agoli9lZERlhhYmxAc1sCkZdtKN5iBMukdV7zrmqX9xfVer2IpwTHcAJn4ME11OEOGtAEAo/wAq/w5jw7786H8zlrXXGKmSOYg/P1CzcolgA=</latexit>y
<latexit sha1_base64="WlNg0LZYISV7EpDKi7x5XT6yAtw=">AAACAnicbVC7TsMwFHV4lvIqMLJYVEhMVYJ4jRUsDAytRB9SGlWO47RW/YhsB6mKsvELrLCzIVZ+hJUvwW0z0JYjWTo651zd6xMmjGrjut/Oyura+sZmaau8vbO7t185OGxrmSpMWlgyqboh0oRRQVqGGka6iSKIh4x0wtHdxO88EaWpFI9mnJCAo4GgMcXIWMlv9rPeg01HKO9Xqm7NnQIuE68gVVCg0a/89CKJU06EwQxp7XtuYoIMKUMxI3m5l2qSIDxCA+JbKhAnOsimJ+fw1CoRjKWyTxg4Vf9OZIhrPeahTXJkhnrRm4j/eX5q4psgoyJJDRF4tihOGTQSTv4PI6oINmxsCcKK2lshHiKFsLEtzW0JeV62pXiLFSyT9nnNu6pdNi+q9duinhI4BifgDHjgGtTBPWiAFsBAghfwCt6cZ+fd+XA+Z9EVp5g5AnNwvn4BnjCX3Q==</latexit>

Q!
<latexit sha1_base64="6pH63nADZC9y4VdP6YqRehCUBnI=">AAAB+nicbVA9SwNBEJ2LXzF+RS1tFoNgFe7EqGXAxjKi+YDkCHubvcuS3b1jd08IZ36CrfZ2YuufsfWXuEmuMIkPBh7vzTAzL0g408Z1v53C2vrG5lZxu7Szu7d/UD48auk4VYQ2Scxj1QmwppxJ2jTMcNpJFMUi4LQdjG6nfvuJKs1i+WjGCfUFjiQLGcHGSg9RX/fLFbfqzoBWiZeTCuRo9Ms/vUFMUkGlIRxr3fXcxPgZVoYRTielXqppgskIR7RrqcSCaj+bnTpBZ1YZoDBWtqRBM/XvRIaF1mMR2E6BzVAve1PxP6+bmvDGz5hMUkMlmS8KU45MjKZ/owFTlBg+tgQTxeytiAyxwsTYdBa2BGJSsqF4yxGsktZF1buq1u4vK/V6Hk8RTuAUzsGDa6jDHTSgCQQieIFXeHOenXfnw/mctxacfOYYFuB8/QKS9JR/</latexit>gs

<latexit sha1_base64="nIwU4oxmUp6eFGyEipBVZ4IKRo0="></latexit>su
<latexit sha1_base64="/W/SqkTbL/FrKeY1twPbLQmmty8=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJS7AIFaQkpajHoh48VrEf0ISy2W7apZtN2J0IJQT8K148KOLV3+HNf+O2zUGrDwYe780wM8+POVNg219GYWl5ZXWtuF7a2Nza3jF399oqSiShLRLxSHZ9rChngraAAafdWFIc+px2/PHV1O88UKlYJO5hElMvxEPBAkYwaKlvHtxV3EBikl5naS07dZkIYHLSN8t21Z7B+kucnJRRjmbf/HQHEUlCKoBwrFTPsWPwUiyBEU6zkpsoGmMyxkPa01TgkCovnZ2fWcdaGVhBJHUJsGbqz4kUh0pNQl93hhhGatGbiv95vQSCCy9lIk6ACjJfFCTcgsiaZmENmKQE+EQTTCTTt1pkhHUaoBMr6RCcxZf/knat6pxV67f1cuMyj6OIDtERqiAHnaMGukFN1EIEpegJvaBX49F4Nt6M93lrwchn9tEvGB/fhwCVOQ==</latexit>

R(
D

2
,→)



PD-LTC Achievability at P = 0
• Theorem: PD-LTCs can asymptotically 

achieve               for iid Gaussians (squared 
error Wasserstein of order 2 perception).

<latexit sha1_base64="Ru5TU8NIo1gJkCcGn8JI7LGzRws=">AAACA3icbVC7SgNBFL0bXzG+opY2g0GwCrviqwzYWEYwiZBdwuxkNhkyM7vMzIph2dJfsNXeTmz9EFu/xEmyhUk8cOFwzr2cywkTzrRx3W+ntLK6tr5R3qxsbe/s7lX3D9o6ThWhLRLzWD2EWFPOJG0ZZjh9SBTFIuS0E45uJn7nkSrNYnlvxgkNBB5IFjGCjZV8PxSZP8Qme8rzXrXm1t0p0DLxClKDAs1e9cfvxyQVVBrCsdZdz01MkGFlGOE0r/ippgkmIzygXUslFlQH2fTnHJ1YpY+iWNmRBk3VvxcZFlqPRWg3BTZDvehNxP+8bmqi6yBjMkkNlWQWFKUcmRhNCkB9pigxfGwJJorZXxEZYoWJsTXNpYQir9hSvMUKlkn7rO5d1i/uzmuNRlFPGY7gGE7BgytowC00oQUEEniBV3hznp1358P5nK2WnOLmEObgfP0CNbeYzA==</latexit>

x̂

<latexit sha1_base64="EQndytBmIwabxJag94+MLlUXfuI=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSy6cVnBPqAJYTKdtENnJmFmUgghX+AvuNW9O3HrV7j1S5y2WdjWAxcO59zLuZwwYVRpx/m2KmvrG5tb1e3azu7e/oF9eNRRcSoxaeOYxbIXIkUYFaStqWakl0iCeMhINxzfT/3uhEhFY/Gks4T4HA0FjShG2kiBbSdB7oU890ZI51lRFIFddxrODHCVuCWpgxKtwP7xBjFOOREaM6RU33US7edIaooZKWpeqkiC8BgNSd9QgThRfj77vIBnRhnAKJZmhIYz9e9FjrhSGQ/NJkd6pJa9qfif1091dOvnVCSpJgLPg6KUQR3DaQ1wQCXBmmWGICyp+RXiEZIIa1PWQkrIi5opxV2uYJV0LhrudePq8bLevCvrqYITcArOgQtuQBM8gBZoAwwm4AW8gjfr2Xq3PqzP+WrFKm+OwQKsr18rVZrv</latexit>pŷ

<latexit sha1_base64="P9FDb3XAbsq9YhBV+thBn5t0xjc=">AAAB+HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB0DXjwmYB6QhDA76U2GzOwuM7NCXPIFXvXuTbz6N179EifJHkxiQUNR1U13lx8Lro3rfju5tfWNza38dmFnd2//oHh41NBRohjWWSQi1fKpRsFDrBtuBLZihVT6Apv+6H7qN59QaR6Fj2YcY1fSQcgDzqixUu2iVyy5ZXcGskq8jJQgQ7VX/On0I5ZIDA0TVOu258amm1JlOBM4KXQSjTFlIzrAtqUhlai76ezQCTmzSp8EkbIVGjJT/06kVGo9lr7tlNQM9bI3Ff/z2okJ7ropD+PEYMjmi4JEEBOR6dekzxUyI8aWUKa4vZWwIVWUGZvNwhZfTgo2FG85glXSuCx7N+Xr2lWpUsniycMJnMI5eHALFXiAKtSBAcILvMKb8+y8Ox/O57w152Qzx7AA5+sXnaeTXQ==</latexit>

+
<latexit sha1_base64="XeDVItwgdIXb6XUDa/EeXuuZ4ug=">AAAB+nicbVA9SwNBEJ2LXzF+RS1tFoNgFe7EqGXAxjKi+YDkCHubvcuS3b1jd08IZ36CrfZ2YuufsfWXuEmuMIkPBh7vzTAzL0g408Z1v53C2vrG5lZxu7Szu7d/UD48auk4VYQ2Scxj1QmwppxJ2jTMcNpJFMUi4LQdjG6nfvuJKs1i+WjGCfUFjiQLGcHGSg9RH/fLFbfqzoBWiZeTCuRo9Ms/vUFMUkGlIRxr3fXcxPgZVoYRTielXqppgskIR7RrqcSCaj+bnTpBZ1YZoDBWtqRBM/XvRIaF1mMR2E6BzVAve1PxP6+bmvDGz5hMUkMlmS8KU45MjKZ/owFTlBg+tgQTxeytiAyxwsTYdBa2BGJSsqF4yxGsktZF1buq1u4vK/V6Hk8RTuAUzsGDa6jDHTSgCQQieIFXeHOenXfnw/mctxacfOYYFuB8/QJ2jJRt</latexit>ga

<latexit sha1_base64="29gPawdhiPRT0kcblUrNKtOANpA=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8cI5gHJEmYns8mYmdllZlYMy+IveNW7N/Hqt3j1S5wkezCJBQ1FVTfdXUHMmTau++0UVlbX1jeKm6Wt7Z3dvfL+QVNHiSK0QSIeqXaANeVM0oZhhtN2rCgWAaetYHQz8VuPVGkWyXszjqkv8ECykBFsrNTsBiJ9ynrlilt1p0DLxMtJBXLUe+Wfbj8iiaDSEI617nhubPwUK8MIp1mpm2gaYzLCA9qxVGJBtZ9Or83QiVX6KIyULWnQVP07kWKh9VgEtlNgM9SL3kT8z+skJrz2UybjxFBJZovChCMTocnrqM8UJYaPLcFEMXsrIkOsMDE2oLktgchKNhRvMYJl0jyrepfVi7vzSq2Wx1OEIziGU/DgCmpwC3VoAIEHeIFXeHOenXfnw/mctRacfOYQ5uB8/QI1k5X/</latexit>x <latexit sha1_base64="uCHLFt+LYR0MMrjsb24kmnlXbOA=">AAAB/XicbVDLSsNAFL3xWeur6tLNYBFclUR8LQtuXFawD2hDmUwn7diZSZiZCCEEf8Gt7t2JW7/FrV/itM3Cth64cDjnXu69J4g508Z1v52V1bX1jc3SVnl7Z3dvv3Jw2NJRoghtkohHqhNgTTmTtGmY4bQTK4pFwGk7GN9O/PYTVZpF8sGkMfUFHkoWMoKNlVq9QGRp3q9U3Zo7BVomXkGqUKDRr/z0BhFJBJWGcKx113Nj42dYGUY4zcu9RNMYkzEe0q6lEguq/Wx6bY5OrTJAYaRsSYOm6t+JDAutUxHYToHNSC96E/E/r5uY8MbPmIwTQyWZLQoTjkyEJq+jAVOUGJ5agoli9lZERlhhYmxAc1sCkZdtKN5iBMukdV7zrmqX9xfVer2IpwTHcAJn4ME11OEOGtAEAo/wAq/w5jw7786H8zlrXXGKmSOYg/P1CzcolgA=</latexit>y
<latexit sha1_base64="WlNg0LZYISV7EpDKi7x5XT6yAtw=">AAACAnicbVC7TsMwFHV4lvIqMLJYVEhMVYJ4jRUsDAytRB9SGlWO47RW/YhsB6mKsvELrLCzIVZ+hJUvwW0z0JYjWTo651zd6xMmjGrjut/Oyura+sZmaau8vbO7t185OGxrmSpMWlgyqboh0oRRQVqGGka6iSKIh4x0wtHdxO88EaWpFI9mnJCAo4GgMcXIWMlv9rPeg01HKO9Xqm7NnQIuE68gVVCg0a/89CKJU06EwQxp7XtuYoIMKUMxI3m5l2qSIDxCA+JbKhAnOsimJ+fw1CoRjKWyTxg4Vf9OZIhrPeahTXJkhnrRm4j/eX5q4psgoyJJDRF4tihOGTQSTv4PI6oINmxsCcKK2lshHiKFsLEtzW0JeV62pXiLFSyT9nnNu6pdNi+q9duinhI4BifgDHjgGtTBPWiAFsBAghfwCt6cZ+fd+XA+Z9EVp5g5AnNwvn4BnjCX3Q==</latexit>

Q!
<latexit sha1_base64="6pH63nADZC9y4VdP6YqRehCUBnI=">AAAB+nicbVA9SwNBEJ2LXzF+RS1tFoNgFe7EqGXAxjKi+YDkCHubvcuS3b1jd08IZ36CrfZ2YuufsfWXuEmuMIkPBh7vzTAzL0g408Z1v53C2vrG5lZxu7Szu7d/UD48auk4VYQ2Scxj1QmwppxJ2jTMcNpJFMUi4LQdjG6nfvuJKs1i+WjGCfUFjiQLGcHGSg9RX/fLFbfqzoBWiZeTCuRo9Ms/vUFMUkGlIRxr3fXcxPgZVoYRTielXqppgskIR7RrqcSCaj+bnTpBZ1YZoDBWtqRBM/XvRIaF1mMR2E6BzVAve1PxP6+bmvDGz5hMUkMlmS8KU45MjKZ/owFTlBg+tgQTxeytiAyxwsTYdBa2BGJSsqF4yxGsktZF1buq1u4vK/V6Hk8RTuAUzsGDa6jDHTSgCQQieIFXeHOenXfnw/mctxacfOYYFuB8/QKS9JR/</latexit>gs

<latexit sha1_base64="nIwU4oxmUp6eFGyEipBVZ4IKRo0="></latexit>su

 Proof Idea.  

• AWGN-equivalence fails


• Proof relies on lattice Gaussian techniques [1]  


•                           enforces perception constraint⟹

[1] C. Ling and J.-C. Belfiore. Achieving awgn channel capacity with lattice gaussian coding. IEEE Trans. Inf. Theory, 2014.

<latexit sha1_base64="elS64IUDpdlKzzQZKsJ0MfCZKoU="></latexit>

s =
σ√

σ2 − D/2

<latexit sha1_base64="IwFLdtYO1LNrSxPisqna7STMnq0="></latexit>

QΛ(y) ≈ Lattice Gaussian

<latexit sha1_base64="/W/SqkTbL/FrKeY1twPbLQmmty8=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJS7AIFaQkpajHoh48VrEf0ISy2W7apZtN2J0IJQT8K148KOLV3+HNf+O2zUGrDwYe780wM8+POVNg219GYWl5ZXWtuF7a2Nza3jF399oqSiShLRLxSHZ9rChngraAAafdWFIc+px2/PHV1O88UKlYJO5hElMvxEPBAkYwaKlvHtxV3EBikl5naS07dZkIYHLSN8t21Z7B+kucnJRRjmbf/HQHEUlCKoBwrFTPsWPwUiyBEU6zkpsoGmMyxkPa01TgkCovnZ2fWcdaGVhBJHUJsGbqz4kUh0pNQl93hhhGatGbiv95vQSCCy9lIk6ACjJfFCTcgsiaZmENmKQE+EQTTCTTt1pkhHUaoBMr6RCcxZf/knat6pxV67f1cuMyj6OIDtERqiAHnaMGukFN1EIEpegJvaBX49F4Nt6M93lrwchn9tEvGB/fhwCVOQ==</latexit>

R(
D

2
,→)



Comparing Fundamental Limits

• Consider 


•  optimal without 
shared randomness [1, 2]

<latexit sha1_base64="DvSUzvsFbZ/SSokuLB5jF9UdhRM="></latexit>

P = 0

R(D/2,∞)

Infinite shared randomness

SD-LTC

No shared randomness

PD-LTC

[1] N. Saldi, T. Linder, and S. Yüksel. Output constrained lossy source coding with limited common randomness. IEEE Trans. Inf. Theory 2015.
[2] A. B Wagner. The rate-distortion-perception tradeoff: The role of common randomness. arXiv 2022.



Experimental Results: Gaussian



Experimental Results: Real-World Sources
• Speech and Physics sources [Yang & Mandt, 2022]

Physics

Speech



Conclusion & Future Work
• We proposed neural compressors that provide VQ-type solutions, allow 

shared randomness into the design, have low complexity, and 
performance guarantees for Gaussian sources.


• Generalizing the analysis of PD-LTC to P>0


• Generalizing the solution to limited randomness


• LTC for distributed compression, in line with [Ozyilkan et al ’23]


